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SECTION 1
STRUCTURAL DESIGN CRITERIA

This section defines the design conditions for the airframe. Limit velocities are
given for flight and landing. Load factors are established for landing, flight, and handling
conditions., Possible off-design landing conditions are suggested. Specific loads are de-

fined for unique portions of the airframe.

The structural design criteria defines the operating environment for which the
LLRYV is designed. Three general operating regimes are considered: flight, landing, and
handling. In the flight regime the design velocities are 60 feet per second horizontal or
100 feet per second vertical. However, the only portions of the airframe critical for air-
loads are the windscreen and the parachute attachment, so design loads in the flight regime
are produced by engine thrust. The design loads on the major portion of the airframe are
produced by the landing conditions, and these are discussed first in the following portions

of the criteria.

In all design landing conditions it is assumed that the landing surface is a concrete
runway and the vehicle is in a level attitude. One basic combination of landing parameters
is 6 feet per second vertical velocity, 3 feet per second horizontal velocity, with engine
thrust locked parallel to the vehicle vertical centerline equal to 2/3 the vehicle weight. At
3400 pounds vehicle weight, with one leg forward and infinite coefficient of friction, thié

becomes condition number one for the design of the landing gear shock strut metering pin.

Since the above condition requires that the shock strut on the leading leg absorb
more than 25% of the vehicle kinetic energy, the four struts acting together in a level
landing, with no horizontal velocity, are capable of absorbing the energy of a 10 ft/sec

vertical landing. This becomes condition number two for the design of the meétering pin.

The above two conditions and combinations of the two conditions are listed in

Table 1.1.

It should be noted that landings can be made at other than design conditions if spec-

ific requirements are reduced. Some of the more significant exceptions are listed:
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(1) No limit is necessary on horizontal velocity if the coefficient of friction between
the landing feet and the runway is 0.5 or less.

(2) With engine in the local vertical mode, and zero horizontal velocity, the vehicle
can be landed on the runway in tilted attitudes up to 5° with engine thrust equal
to 2/3 vehicle weight and zero vertical velocity at initial impact.

(3) With the engine in the local vertical mode, and zero horizontal velocity, the
vehicle can be landed on the runway at any tilted attitude up to 40° with engine

thrust equal to vehicle weight and up to 4 ft/sec vertical velocity at initial
impact.

(4) On rough terrain with diagonally opposite feet contacting the ground simultan-
eously, and the vehicle in level attitude, landings can be made at a vertical
velocity of 6 ft/sec with engine thrust equal to 2/3 vehicle weight.

(5) With the engine in the local vertical mode, and engine thrust equal to vehicle
weight, the vehicle can be set down on rough terrain or slopes up to 40°, when
initial contact is made with zero horizontal velocity and 4 ft/sec vertical

velocity.
In all conditions where the engine thrust is 2/3 vehicle weight the maximum per-

missable limit shock strut reaction is 2260 pounds. At greater values of thrust the strut

reaction would be less.

The rubber mounts, which react the landing gear lateral loads, are designed to per-
mit the landing foot to deflect 6.75 inches sideways when one foot arrests the 3400 1b
vehicle moving at the design horizontal velocity of 3 ft/sec. This results in a 1700 pound
lateral load at the bottom of the foot. The corresponding vertical load is calculated by
making the line of action of the resultant of the lateral and vertical loads pass thru the
center of gravity. A smaller vertical load would result in an overturning condition. A

greater vertical load would be less critical for the leg structure.

Four basic analysis conditions are displayed in Figure 1.1: vertical 4 leg landing,

vertical two diagonal leg landing, one leg side drift landing, and two leg side drift landing.

All the combinations of critical parameters for the flight conditions are shown in
Table 1.2, Not shown in the table are the jet engine pitch and roll actuator loads which are
superimposed on any condition. Either actuator can have a load of +3400 pounds, 0, or
-3400 pounds except that in the extreme travel positions (40° tilt) the actuator load is only

applied in a direction to return the engine to neutral.
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An additional airload condition, not indicated in the table, is deployment of the
recovery parachute. The maximum limit parachute load is 2500 pounds applied to any one

bridle in any direction in which it is possible for one bridle only to be loaded.

Handling conditions are shown in Table 1.3. These have been made less severe
than the flight or landing conditions. It is assumed that when the vehicle is transported it
will be mounted on the trailer on the vehicle landing gear. It should be noted that the air-

frame truss members are not designed to bear the weight of a man standing on any mem-

ber.

Two design weight configurations are used in the structural design and analysis:
3400 pounds and 2600 pounds. These are considered to be maximum and minimum landing
weight respectively. The 3400 pound weight represents a vehicle that has consumed some
fuel in taking off and maneuvering into position to land. It is assumed that normal landings
will be made after appreciable time in flight. Any 1andings made after flights of short
duration, with a vehicle weight greater than 3400 pounds, must be done at less than design
velocities. The 2600 pound weight represents a vehicle with some equipment offloaded and
most of the fuel consumed. The maximum weight of 3400 pounds is used to establish the
design ground reactions based on the conditions listed in Table 1.1. These design ground
reactions are critical for the landing gear, legs, and portions of the center body structure.
To take advantage of this strength at the lighter vehicle weight (which will exist for most
landings) the same design ground reactions are used for the 2600 pound vehicle to deter-
mine the design load factors for the portions of the structure which are critical for inertia

loadings. These higher load factors for the 2600 pound weight are also listed in Table 1.1,

Additional load factors to those listed are applied to special portions of the vehicle.
In order to insure that the fuel tanks will remain with the airframe in a crash which is
severe enough to collapse the leg structure, the tank mounts are designed for a vertical
limit load factor of 8.5. For a similar reason the seat support structure is designed for a
limit load factor of 13.33 applied in any direction between vertical and 20° from vertical.

Other design conditions for the seat support are shown in Figure 1.2.

Design ultimate loads for the airframe are 1.5 times limit loads.
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TABLE 1.1

LANDING CONDITIONS

CONDITION VERTICAL SIDE DRIFT
LEGS FOUR L& TWO LEG |[ONE LEG | TWO LEG
WEIGHT 3400 2ECC| 2400|3400 | 2600 | 3HOO |24 | 34CL [ 2450
LIFT 2267 | 1733 1400022471733 | 2247 | 1733 | 2247 {1733
VELOCITY
VERTICAL ‘o | 10 O é é $ £ s 4
HORI1ZON TAL - - - - - 32 3y 3 3.4
STRUT LOAD
VERTICAL 226012260 | 1690 | 2240 | 22640 | 1260 {1260 | 1260 | 1260
LONGITUDINAL | — — - - — 1120012001200 | 1222
LATERAL - - - - — (1200 {1200 = -
LOAD FACTOR
ng 333 {WIY [ I4] 2.00) 280|004 | 105 LY | gy
Wx} or {h)/ - - - f" " 35 "fé 71 ; \72
Ny nx - -— — -— - 35 44 —_— -

1-4
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FOUR LEG VERTICAL LANDING (V, = 10 Ff/.sec‘)

2260 1}, x ‘
X ' ’

, Mat 233

2260 b

2240 b

2.2¢60 Ib.

TWO LEG VERTICAL LANDING (Vg = & ft/sec)

n, = 2.00

22460 Ib.

Figure 1.1. Airframe Design Load Conditions (Sheet 1 of 2)
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ONE LEG SIDE DRIFT LANDING (V4 = 3 +/sec)
Nx = \5-0

\'7 OO0 Ib. harizentnl

1260 .
Ver'hc,q}

TWO LeG SIDE DRIET LANDING (V; = 3 F+/se= )

hx = .7
1265 b, ver‘hc.o.l

1200 1h.

hori 2ontal

1240 1b,

Figure 1.1. Airframe Design Load Conditions (Sheet 2 of 2)
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FLIGHT CONDITIONS

TABLE 1.2

VEHICLE ([ENGINE THRUST|ENGINE TILT | LIMIT LOAD FACTDR
WEIGNT | JET |ROCKET| PITch | ROLL | hg | ny ny
o} o .23 — —_

+40° o .9¢  |x.g0 -

3400 | Y4200 o o tyo° | .95 — |z .80
£40° | £40° 73 .65 [+ .80

o o 2.40 — —

+40° o 2.1L |2 .80 —

x40°? +Yyo° 1.9) |+ .£5 |+ .80

(o) o 18 — —

*£40° o 118 _ -

3400 °© Hooo | 7, £Y40° | 118 - -
x£40°* | £40° | 1.18 — —_

o} o |.6) —_ —_

+40° o .24 |+ ).04 -

2400 Y4200 o o x yo° 24 — | ).0Y
240° + yo* 96 |+ .80 [x).ay

o o 3.6 — —

240° o 2.78 |z |.04 —_

2600 | 4200 | Yooo | °, o | 2.78 | — |&1.04
+40° | 240° | 2.49 | .80 |+ .Y

o o 1.5y ~ -

‘ | &40° 0 .59 - -

240 o 0

o 400 o 2 yo° 1.5y _ -
2y40° +£40° L5y - —
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TABLE 1.3
HANDLING CONDITIONS

CONDITION| WEIGHT | LOAD FACTORS ENGINE THRUST
vaanc.AL HORIZONTAL, JUE T ROCKET
TowING | 3300 2.0 71 — —
HOISTING| 3400 2.0 o — —
JACKING | 3300 e | o — —
TIEDOWN g:g% ol 1o | ya00 | uooo

¥ ENGINE MAY BE TILTED ON GIMBALS TO THE
LIMIT OF THE ACTUATORS IF GUY WIRES
ARE ATTACHE D AT EACH TIE DOWN FITTING ON
THE VEHKLE L¥GS TO REACT THE LATERAL
COMPONENT ©F THRUST . WITHOUT GUY
WIRES THE TIE DOWN LINKS ARE
SUEFICIENT FoR VERTICAL LOADS
ONLY . '
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THE LOADS SHOWN ARE EATH SEAT RLA/L
ACT /NG ©AN THE SEAT SUPPORT ST7TRUC JTURE.

Ejection Loads

conNDITION Ena FA Fa Fe

EJECTION (2A) 4083 28085 -2840 + 55
EJECTION (2B) 4083 1235 2030 -33€5

Figure 1.2, Seat Support Structure Loads (Sheet 1 of 2)
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THE

LOADS SHOWN ARE ACTING ON JHE SIRUCTURE
F—'c?_
Crash Loads
Conditien | Ve rhc.&.| Side Fwd A F‘l’~
Raut | Each ) 2 Ba. ch Each
e 774 1527 -83 940 -1513
Se o =145 - 145 o o
Fp 1253 €139 -378) 235 2124
Ss o joo7 1007 o o
FA -152 -179Y - 358 -1329 1140
Sa o 163 163 o o
= 2875 2487 24687 2998 2400

Figure 1.2, Seat Support Structure Loads (Sheet 2 of 2)
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SECTION 2
COCKPIT SECTION

The primary structure of the cockpit consists of a platform supported by truss
members attached to the center body at four points. The main members of the platform
are two longitudinal side rails and several transverse beams under the floor. Weight
items are supported by the beams which are supported by the side rails. The side rails
beam the loads to the truss members. Design loads resuit from inertia conditions, controi
forces, and seat ejection. Pitching moments from the seat are not applied to the cockpit

structure but are applied to a separate seat support structure.
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2. /.

2.2,

LOAD FACTORYS

LANDING CONDS[|FREE FLIGHT CoONDS,
LOAD '
/ 2 3 H | & |6a|Gb!| Tal|Te
Nx|— | —0.9§j092] — |/.04|1. 04|0_R00.80
: OR OR OR
Ny |— | — 046092 — |I.O%|1.O%|f.04]).04
Nz (4 14HY.04]).)5])1.6413.16|1.24 1.780.96j2.49

PRINC|PAL COCKPIT ITEMS: WEIGHTS £LocATI/oNS

NOTE:

SEE CRITERI A SECT. FOR LOAD FACToR
DEVELOPMENT. IN FREE FLIGHT Co~NO-

/!ITioN ,L0AO S 6 &7 ARE SUBDIVIODED

/INTO b L1sTINGS ThHEesSE Sus-
VIS S c

DINVISIONS /NDICATE E/THER,

Q. ROCKET ENGINES
oa)
b. RocxeT E~NGINES

/IN OPER AT IVE

OQPERATIVE

ALL. FACTORS SHoWAN ARE LimiT.

I TEM WEIGHT| CENT ROID COORDS.
~vo. |DEscRiPT.] (I bs. X Y Z
7, |PILoT,SEA

/ 28R ACE" 320 /22.0 200,01} 213.85
2XpepesTall GO 89.2 | 196.5| z10.0
3 |conSoLE] 75 //] 2.0 /] 82.0} ] 97.0
oxY GEN |
4 BoryLE 9.2 / /9.0 210, 194.38
PE D AL
s SSEm LY S 89.3 z900.9 1955
@ |SrickK 1.5 | J085.0 200,04 %70
T |WINDSHIEWDY, 4 1.5 | ] 02. 4 200.0| 22 2.0

¥ PEDESTAL @RQVIDED € /NSTALLED BY N.A.5.A
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2.3. COCKPIT FLOOR BEAMS
(MATERIAL |S 2924-T 4 THROUGHOULT)

BEAMS (@ S7AH 8.0 & S7THA//B. 0 ARE

NOMIN ALLY LOADED AND SERVE AS POINTS
OF TERARMINATrI|ON FOR SHEAR TRANSFER
MEMBERS,

BEAmMS (® STA. 84.24 & 94.34
ConDITION | o] 2 crRITICAL

/\/z,; LI‘ ,q X l.g:’— Q.Zl 4 LT,
PED ESTAL LoaD= (.2] veo = >73>%
PED AL LOAD = (,2] 2 S5= 2| #

BEAM SPAN (@ 5TA. B4.34 LONGER THAN BEAmM
sPAN @374 79.>4 [ S/NCE LOADS ARE EQuUAL
FOR TWO BERAMS ANALYZE LONGER MmMEmMBER.

JB6.5 = 27% (PEOESTAL)

5.5 = 24 (PEDAL)
{

R.ﬁ_m{_?-__?_/.,.-_. ,1;35‘,]‘ BENYLE J A

zmﬁaz O

/5.5</7,9D +/ ZQ,({:ZO.?I\ - 34.32 R.=0°

. 270 + 3900 - o
R.= 3G 22 /20 #

Mmax = /20 %12H= [670 s, #
BEAM SECT.

[

H’ 3
_Z - 638(“') _ ,58*(3-3)5
bS8 ]2 /2

t:‘OSO = 4 9 , )

e i oy

5b: ”}c‘; /é’;q?/' = (800 PSI
m.,S.= H|GH
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BEAMS @ STA.B34.34 & 74.24 (c<>~77\
CHECK M.5S. Fo/] 20 VERTICAL ConNDIT/on

Momax, = —6-%5_5"-(/@703 = 53 B0 /A
. D 5380 (2.9) 21300 PSL.
ya 0,491
~ . 0. 63
FLANGE b= 262 - 4 ¢

©.08
Fbe, = 22000 esI (GEF B.SM FIG 80.04.1-3)
, .

21900
22.000

/}755‘: ~'l = .00S

BEAMS @ S7A. /02.37 & /os. /L
CRITICAL LOAD FOR THESE MEMBERS
DEVELOPS FRom P/LOT ST/CKk EFFORT.
S7/CK LoADS:
FORE & AFT
SIPE

/OO #
6 T#

BEAMS TAKE mMAK LOAD WHEN ST L\ HITI
SToP. 190 x1.S = )50 # (urT)

Limi!1 T

7S

\\ H .
W.L. 190.25, J/S'Bdﬁ’ L 3.5

T sMhs
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BEAMS @ STA. /02.37 & /06,72 (ComnT,)
B /5.0 /5.0

“"! B L
b“"'/ﬂr 4.25 ) A | 35.0
1’5-0 B:L . ZO‘I.?S-—'r» B, I ?S' 2( A -~ ST 06,1

Aﬂ ?/ s10%

AN D /0137-7_005-) 1'/53°‘*
A

5/0# LoAD ‘DIVIDES BETWEEN 5785, /02.37 &
/0G. 1. LOAHD /S§ ,BEAMEO TO Lon GITUO/NMN AL
MEMBERS (® B.L!s 185.0 & 2/5.0.

DUE 70 BEARING FITS,/S30# 7#4QUVUST LOAD
musT ENTER STA Oc‘ruﬁE @ $7A4, /02.37. LoAD
/S 5#—64660 INTo FLOOR PLATE BETWEEN
B.L's 195,25 ¢ 204.75.

ANVALYZE BEA M (® STAH, /02. 37 FOR ULT, FWD. LDAD

L star10z.H

__/._)12.:_2_ /530#
T
#r .
10.2S J_‘f-ﬁ(’ﬁlﬁ AA-
/na"'z-yna\_* = x 4,78 = 2640 i~V

My~ 357"’*

76
l?
48;' 10.285 ! 4.5 11.75;_,(.!_9;?_-_£:?;&5

¥ LOAD IS HALF OF COUPLE CRE ATED WHEN
/JSdI0# LOAD IS ASSUMED KREACTEDO BY
FLoo R PLATE s#HeAR Q@ B.L.S |95 25 & 204,75,
L€, @ BL 204.75:

7&5 N
765 (17S) | _»387 l9e
3.78 - 257 |7
4%—5' W.L (90,28
3.7S .
S$7A /02, 37 S7TA. 10k, 1L
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BEAMS @ STA. 102.27 £/0c.12 (comTr)
- - . 8 .
7N x R may = 4 BS®10.25 +128% 495

T 4970+ LO8 = SST7 8imnF
BEAM SEcCT ‘

z
6
F“Eﬂa
e }{ Tx-x= 715"
| 3-’ Z3-3 = o544~
) — +T '— X
(063 £, =M< 5‘578(/.7{\_)
! i X=X -
| | z 718
”Ttvl FTbynz /36 S50 PST
2 Spp.- 20 3040 (L212)
| T v . 0S4

‘fb%_re= /4 D00 PST .
Com B/~EL BENDING STRESS MAX. ® eT. A
Sbmaxs /2SO +/4300 = 27950 PST.

b b2
LAN z = 0
FLANGE Tf: "=/

$b w = bgooo esT (F)C-ﬂosé ENTIRE FLANGE)
m.S. = HIGH
ANVALYZE BEAM FoR ULT AFT LOAD
/nz-zm&*:‘BG/—fo iv.# (SAmE AS ABoVE)
M x—x 351 o5 351
il

.ZS"’L. J! , {_L 25
229 L2 4-.-_,,.5‘0,,].&2 20 g

MX-)(,MCL*: Z.Z?)L/O.'ZS-“& 23,50//\'/#—'
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BEAMS @ 57A./02.37 ¢/06./2 (conT)

788
:S:bi-z: /nc; 3c4o( 3 = 53/00 PST

A L 0S4
3b,‘-$= /ﬂC: 2350 (/.7:5__’ 750 pST
v WK
COMPBINED BENDING STRESS mar.®@ pPT. B
S, = .o $7150)= o PS
K*a /‘7‘_( ( ~)— 37—8 P I
STAESS ACROSS FLANGE ©F AND )O/37- 2005 :
' 14300(T) y
AND /0127-200S 2280(c) ﬁ"' czo(r)
L ng ! o
tz, 125 (Tv#) I
b:I‘ Y 835:=C
| &
o Isaloo‘ ISQ“O |
N ©

5b i S'b“,,‘

(REF B.s.m. FIG./20. 02 -0)
d

.B3S8
Kb: 0.575
Ke?’ M £ [\
:‘" = > ( > =41.0
Con 12(1-4*) \ b y =1
Sp = 0575 7" (197) [25\"
I /0, 72 1.0
ch%: 81 200 PST
m‘5’= .8’300_1‘0_—_ O.L}L,-

S6d 8O
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2.4 MEMBERS ABC LDEF (se€E FI6.2./)
FOR ANALYSIS ,ASSUME MEMBERS ARE
STRAIGHT OVER ENTIRE L= 50w~

conD/sI7TrIoNn | oR & CRITICAL
Naz 4,14 x 1.8 = 6.21 (o)

BEAM COCKPIT ITEMS @ 7#AU O 7o L.oR R. BEam,
ZrEmMm () CARRIED BY SEART SUPPOART STRUCTURE.

LTEM Na*WT |Rg../85.0/Re..215.0
DPEDESTAL 373 228 | 45
D CONSOLE ) &5 ] 11 - 16

OXYGEN o
Pporrie S8 | 4 54
S PEDALS 3 | /5.5 ) 5.5
®sTick |1 O s 5
@WINDSHIELP| 258 129 )29

ANALYZE MEmBER DEF (BL.IB8S.0) S/NCE
ALL LOADS AcCT /N POS/TIVE DIRECT IonN

STA. FEDALS & CoN- o
80.8 PEDESTAL SHIELD  STISN SoLE  @orpce STH.

ztla.% | n.I l5 171 ‘I /302.0

\ | tol j
" ,,?-.§~9‘...,L---~l3- o3 ’_LGQ’__ 7.5 7.0 i, /.0
Re - 50.0 Re

z Mira, 1300 = @

4 +171 (2 15(7.5.7:\)-rln(zv.c,zb+zqa.s(qo,@,®

- go,q,_:o
Roz 4442080 + 29+ 3565 +9900
50

Ru= 334,44
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MEMBERS ABC & DEF (cont)

ZF;_=O
Rn\=zl8.l#

334,

7 ///
V?//’// / o

-3§.IL-‘_§__;L'
-43,]

7V
e .

7 / Yyl

~21 4.1 yad yd 4

-2/ 8§

Momax= 234.4(3.39) +30.9 (13.02)

= )20 + //%&O

REAcT/o~ (® STA.80.0
AH.
DIRECT/)ON CoOSINES

= .8"‘L +.22.D

3D4.4 = 6

A= =49%

= 4300 )v.H
PROVIOCED BY MEMGER

OF AH

+.479¢ K
72# (T)

' AKIAL FoRCE /N ABC DUE 706 T7ENS/D AN AN

= 672 (‘gq):’

S LS # ()

AN ALY 2E MEMBER AS BEAM- ColL.,

BEAM SECT.
Ly-y= 0.2 /w~
Y= 0.]0 8/~

q

Ii'%‘ 0104,

Ymm:'\/—-%:*—
= !.0).0‘{' -
*T{ﬁz;‘ - O.lc7%

64': //08? - Gl~z—

NET:
F
Fao = Foy(1+ J, fer )

Feo= 36000 (.189)
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|

Y —1- 7 3.0
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3000 (1 + _-—-—--\]3‘""“)

/1 660

= 42 800 PST
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MmeEnBERS ABC & DEF (conT)
TRANSITION AL YYo= 17327 £

<o

= 83.2 R CoL.tS SHORKRT

Fe= Fw\:l-o.2>85 L/j—--]
7 ez
= 42300[1..0‘.335(%/,}3: 1

Fe= 2zl 800 ¢1T

- b, . 15 _
FLANGE 4= — = /-7
Fb,, = 24500 esT.
Fpe NS 4200 ("ﬁ: /)5 50 PST
s - S 3D
-~ p _ S5 _ )
j,cz /ﬁ - -—————-——.27&’ = 20 \{O [
fe | Jc _ 139S82 | 2050
Soo Fe 24500 2) Roo
= 733 +_03% = 0. %591L
: /
M S o.??r_“/ = 0./t
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2.5, mMEMBER _CF

\

PiltoT EJECTION CONDIT/ON 2A cRITICAL
LoADS INTRODUCED THROUGH SEAT RAILS

@ STA. /)31.8

BL's 197.0 & 200.0

W.L. | 94.0
z

/\Z,T.s' Fx= 280S cos 17°-4083 s/~ 70
= 2680~ /190
w.L./ztt.o—,., ¥ x Fx = 14 90 #
‘ 1805 ) °
4o 83 @T F%: 2805 s/W17° + 4083 cos /7
= 820 + 370S
z Rz 4725 %
B.L aL. B. L. B. L,
zAT.o 2031.0 197.0 / ST. o
_EW.L 194D
/2.0 &.0 /2.0
30.0
BEAM S}_‘;c’f.
1304215 (s 4 (27)
- \2) _(=
ook Jurt) | Tonhes 55 -
W.L. | 90,
A \ e /‘!;?O L2 X - 2‘331N“

/.5

Yar25
L

\ \—————

#
_3.0 sQ,

TRANSFEA LOADS /NO|CATED AOBOVE 710 BEAMCG.
= /14 70 ¢ - 4725 R
Y= /S e + 3.8 K
Mz Y rFe Qrasi +3.€ R (4701 =497 R)
Mgz 53IOX+S‘LIO&: /05'7_0_‘6

LoADS INDICATED AT @ eEam C.& @

B.L'S 197.0 & 20 3.
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MEMBER CF CCONf)

/14910# LoAD /N X DIRECT/ON DOES ~NoT Con-
TRIGUTE 70 BENDING IN BEAM BUT.IS SHEARED
INTO FLOOR PLATE THAODUGH ANGLES SPANNING
LONGIT UPINALLY BETWEEN MEMBER CF

& BeAm @ ST3. 1/8. 0,

R% B.L 185.0 = Rze.L. 215065
= 4725 (12.0)= 5¢ 700 /w

4725#

mi'%m;}x.
7T = /OS8Z0 iv#

- L A

5= 2 774

2

A= (Z,Xf)$ 8. /2"

d4:- 2.8€
B = _/ﬁ%% ’TLf{Z—?s): C4P + 262 F/0#/n

+
. - o)
SEE % = ?_/’S= 6070 PsT
. Mmcac _ g?oo(/\sﬁ,
Fi= = 222 = 36500 PST

_Z .
b,_ 2.,%5
/L’ T by /?,O
SHCE $cy = 40000 PIT
Fsg= 29000 psT

FE-C» ('&bw I 2

= L= 0O, fSG
(5300‘0 (4/0000 024 + . 83

m.S.= 9(6 -l = 0.17
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Z,

b COCKPIT SUPPORT MEMBERS
(maTERIAL /S GOGI-TG THADUGHOULT)
CRITICAL LOAD FOR THESE MEMBERS DEVELOPS
FAOM PILOoT ETECT/ION CONDITIONS A~ND
CRASH CONDITIONS.
MEM BERS SHownN DASHED N FIGURE 2.1
AND FIGUAE 2.2 ARE To BE PROOF TESTED
BY AC7TUVAL SEAT FIECT /IonN BY NASA Anvc
ARE NOT /NCLUDED N THIS AnvAaLYSIS,
LENGTHICRITICALIMAX LOAD|A L L o w.
(MEMBER | S| 2E (N oAb conp| (ulT) | LoAD
: , : ' Pl LOT ' '
C H 14 ¢ . 049 ETEcCT /70 T| 970
! PILOT
. o)
FG |/4x.049 G5 erecr | 8179 T| 927
PiLoT
C T Z * 083 36 FSECT 4350 ¢cl/ya3700
PlL oT
F K 2 % 083 26 e cT | 4250 cl/3700
3 CRaAasH c
)
CcCG //f,x.oqﬁ 70 (L. o= R) 1775 (7Y &1 %0
, _ cCAASH
AH |1hr.o3s| 14.3 D ow 672 7| 6770
DG .I/z..f.o'bb T4.2 | Goww 727 | 677 0°
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SECTION 3
EQUIPMENT SECTION

The equipment support structure is adjustable to allow the center of gravity of the
equipment to be positioned before each flight so as to achieve the proper balance of the
entire vehicle. The adjustment is made possible by moving a large platform vertically on
a supporting truss, and moving a small platform horizontally (longitudinal or lateral) on
the large platform. Most of the equipment is mounted on the small platform. Indexing
holes are provided on the small platform, to permit lateral movement, and on the large
platform to permit longitudinal movement. The supporting truss is a composite of beams
and axial loaded members. Indexing holes are provided in two vertical beams and two

diagonal members to permit vertical movement of the large platform.
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3.1, APPLIED LoADS

(FoR APPLICABLE L0AD FACTORS, SEE CAITERIA SECT/on)

LANDING CONDITION FREE FLIGHT Cowndr7r0M
Loab [ z | 3 5 = do | s | 7a | 7 |
A _— | — /s | 230 | — 260 260 200 Zoo“
B | —— | —— | 71§ | 230 | —— | Réo 360 260 | 240
Fe | 1035| 035 | 288 | #l0 | 790 3/0 695 | 238 | 4/4

ANCTE: ALL LOADS ARE LIMIT

3:2. LOCATION OF LOADS

CASEZ : ( EQUIPMENT AT MAXIMUM AFT AND A4 INIMOM W. L. POSITIoN)

VERT/CAL LOAD AT STAT/o4) 325 AND B.L.203.25 OR BL 94.75
FORWARD LOAD AT WL RZ4 AND 8L 203.25 oR BL /96.75
LATERAL LOAD AT WL 224 AND BL R02.25 2R BL 196.75

CASEZ ¢ (EQUIPMENT AT MAXIMUM FORWARD ARD MAXIMUM W.L. O35 T/0A)

VERT/ICAL LOAD AT STAT/I00 293 AMD BL 208.25 oR BL /95, 75
FORPWARD LOAD AT W. L. 235 AND BL 208.25 OR BL /96.75
LATERAL LOAD AT W.L, 225 AND BL 203.25 OR BLI194.75

3.3. LOALC DISTR/BUT/ICN

Case T

/C-)EAL = .53‘//02 +.55£/DY -./55/0::

Poar = 344 R =.8556 /2 . /55
PaoL=.074R +.078 R +./55 F

Fror = . 050 P - . 0TS R +./55 R

Row = 08P | Ror=.32~
/?4’81" .36 Fear * FaBr= 236 PrAR
Foe = 608 /2 + /79 +2.04 FPaay,

fror = 392 R —/79 Py +2.04 Par
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LoAD DisTrR/BuUTION (COLT D)
CAse I

Pra= 216 R +.ZRYR -./55 3
Par = /39 R ~.R24R, -./55 R
o =.392R +409 Py +./55 R
Ror= .258P -1 R +.155 R
Rou= 408 R, .| Ror=.392 R
FPapL= 356 R Ter =356 Raer
FroL = .608 Frx +.T24 Ry +3.4/ Paa.
Fror=,392 Px -.724 Py +3.4/ Fear

FrEcimnmarRY AUVALYSIS /WDICATED CoNDITIONS 2 (LANDING)
AUD 6b (FREE FLISHT) ARE CRITICAL

CAGE T CASE I
£0AD 2 &b 2 &b

Rae | 552 | 476 224 | /é8
Rar | 35¢ 549 | /4M =/

Peor | T6 | /77 | 405 | 418
FRor| 5/ | 85 62 | /10

Fe | —— /58 | —— /58
Fr | —— | /o2 | — | JO2

| Peg.| /300 | /120 | Boo | 600
Fagr| BH¥O| /27 | 54 -3
Fo | //25 | /593 | 765 | 920
Ron | 725 |~253 | 49/ | -89

4

Ao7E: ALL LoADS ARE LIMIT.
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3-6

LeAD DISTRIBUTION (conT‘D)

FWD oF STATIoN 2710.
CASE T
Re = ////ff%n
Fae =.295 Re + 116 P + //5Y Pap -.356 P
Fac = .939 Fae+./31Py +.685 R —. /7 Pxo
[Bon= LZ76R +432Pap 7 598 Fam —OT4 Fro

ffa = /34 R,
CASE L
/DcF = 726 F:u:

Far = ./i# Pag +.T4Py + /54 Pao -.281 Pxp
Pac = .818 FAn +485 Pan - //4Pr -.332Pro
Pacorn=/£//8 Py +.565 R +. 432 Fio ~&1 Pro
Fre = .855 R

CASE L CASETL

£0OAD 2 4 2 b

A. | /ees | /1820 | 555 | 470
P | 825 |88 | 354 | ~ %5

S 72 73 Y | 4
Farr 49 308 | R22 | 22T

4

pue. | /138 | 95¢ | 723 | 488

FPaon 730 | /92 66 9/

Faen | 786 | 802 | 465 | 503
449 248 300 /82

Psk';'u

- — - JR—

Ae | — | 348 | —— | 7222

Nore: ALL LoADS ARE LT
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é REF. 7161 - 1530158
)
o ‘ C o Masn =510 10-Lb,
Q 5 CONDITION &b (FREE FL/GHT)
§ . COND/T/ON 2 (LANDING) Maumac= 3700 1n-1b
-
2
5
S| 3 — AN
D3 - >’ AN
QSD 2 -~ AN
Q —
3 -

-

Q , —
K -
g -
~N

5 /0 /5 20 25 30 35 40 45 50 55 éo
LBEEAM LENGT# ~ INCHES

CONDITION &b (FREE FLIGHT)

/8

V4

8 \— COND/T/ON 2 (LANDING)

LIMIT AXIAL LOAD ~ /b x 16-2

5 /0 /5 20 25 30 35 40 95 S0 55 40

LEAM LENGTH ~ HCHES

Figure 3.3. Horizontal Beam Member A-D Limit Bending Moment and Axial Load
(Left Side Case I)
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LIMIT BERDING MOMENT ~ M ~/b x10~3

LIMIT AXIAL LOAD~ /b x 1078

8 o Mune = 1735 0-1b. REF. 214t - 153015

Muns = 6390 1-16 ~
S AN | CONDITION 2 (LANDING)

AN

¢ | /
/

5 / - CONDIT/ON 66 (FREE FLIGKT)

£ s /5 20 25 3 35 40 45 50 55 6

BEAM LENGTH ~ JNCHES

2
8&1 '

1
. N
CONDITION) &b (FREE FZ/GHT)

— T/ LANDING

£y 76 /5 20 25 30 35 40 45 50 55 40

BEAM LENETH ~ NCHES

Figure 3.4. Horizontal Beam Member A-D Limit Bending Moment and Axial Load
(Left Side Case II)
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BENDMG MOMEMT ~ iv-lex10™3 (LimiT)

BENDING MOMENT ~/M-/bx107% (LIMIT)

(DUE 70 FWD LOAD)

(DUE 70 LATERAL LOAD)

A Mo =477 1N ~Ib

COMDITION éb (FREE FLIGHT)

COND/T/ON 2 (LANDING)

5 /0 /5 20 25 30 35 40

LEAM HE/GHT ~ JDCHES

A Mmax =425 J0-1h

CONDITIOA) € (LANDING)

£ /0 /5 20 25 30 35 40

LBEAM HEIGHT ~ I/CHES

REF. 714/ -/53008

Figure 3.5, Vertical Beam Member BDE Limit Bending Moment (Left Side Case I
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‘ REF. 7/6i=163768

/'VMMLy ‘5/50 //U‘,b

BEnpine MOMENT ~ /A-16 x 102 (LIMTT)
(DUE TG FWD LOAD)

£ /0 /5 20 25 30 35 40
BEAM HEIGHT ~/OCHES

N\ Mo = 7280 u1)-74
R

1

CONDITICN b (FREE FLIGHT)

(DUE 70 LATERAL LOAD)

BELNDING MOMERNT ~JN -7k <18 (Lm(T)

5 /o /5 20 iP5 30 3S 40
BEAM HEIGHT ~ JK2HES

Figure 3.6. Vertical Beam Member BDE Limit Bending Moment (Leit Side Case II)
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REF. 7/t /153001

101 ,\/“M - 9750 mw-/h

™~ — CONDITION 2 (LANDING)
/ - M8400 10 -16™ [

~—~
~~
CONDITION 66 \NM =4300 m-1b

,’_]_ (FREE F£/64T)
W \
) \

\

/M”(/S/A-/é

LIMIT BENDING MOMERT ~m-lbx o>

5 /0 /5 20 25 30 35 40 45 S50
JUBE LENETH —~ INCHES

'p ¢ A M=4000 - 16
Q
: /\ ~_
; s \ §CONDITION 7 (LANDING)
? " ™~ <
~ M= 4500 m-14
2 ¢ / ~
[T ~
3 / ~M= 3855 w-14
I Q a CONDIT/ON b
| W / (FREE FLIGHT)
E - \
N 3 2 /
N
s | \
q§ 1 |
\ \
N ) Me"22 w-1b \
£  J0 /5 30 25 30 35 4 45 50
- JUBE LENETH ~INCHES

Figure 3.7. Upper Tube Station 270 Member BLBR Limit Bending Moment
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g 1 | R ' REF. 714/~ 15300¢
Pz j_ F
li:---— 0 —-;] | | |
/ DU : ' 30
T FwD rf&vis | |

Mu = 315 B + 12T5 R 4425 R

M =7030 v -1b

CONDITION &b (FREE FLIGHT)

CONDITION 2 (LANDING)

LIMIT BEAIDING MOMERT ~ 10-1b x 1073

=) 4 /5 20 25 30 a5 40

EEAM LENETH ~ INCHES

Figure 3.8. Lateral Beam - Moveable Platform Limit Bending Moment (Cases I and II)
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SUPPORT OJTRUCTURE 15 ABSUMED FIXED AT STATION 271.28
AOD PIBNVED AT STATIOA 33253 .

w
- al & | .2 W

p 79)“ CASET | 53%e| 753| &425.08 75 + 404 Fe

1,47 :._—:l Cased | 2172] 3353 | H.25|.608R +.4L04 P,
F——- R 2 T_a.2

M_:_év( a.:ze_',? 314)

g ”}M' E)M M=-§-M(7“3_§;) wiere Mo =95 P
,‘—A-ﬁ-l;—d.—-hy '
i

CASE T CASE T
.2 éb F4 &b

| 2245 | 3245 | 1280] ¢400
ALL MoMENTS ARE L4117

Bolt Loan = 7280 (/'3)/4(140) = 2150 B
‘BA-'MO/UG MOME VT,

M=) wo-LB

8
~

Q COND. B (LANDING)
x
|

4 CASE I CRITICAL.

“y

-8 FITTING HE/H T ~ INCHES

- AM="90 m-/b

Figure 3.9. Fitting Loads -
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Maw AATFoRM ASSEMBLY (Té1-/530457)

VERT/ICAL BEAM, AFT £QUIR SECT/ON STA.270 (Ti61-153008)

O

- /&8

. 18
3
c 2 e TT ‘l———%.lo &
Yo 2.44 080 T
23 :

B B '
1 1 1
. ‘LOUL 4.—_«—“ :;%mo
A e /88—
AL._-..L s SECT, AA £ B8 cecT ec
Figure 3.10, Critical Sections (Sheet 1 of 2)
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[k

£

P e
Lahey

3
7L,

158

ALTT/0G ~FLAT FORM AFT EQUIR SECT/IA) (Tié1-/53013)

F—Aa—ﬁ n

tOBO YA id

/8
— &
A b= L0 —>4 ¥

7
SECT AA 2£¢7 88

J/:-\
\j/'\b

Figure 3.10. Critical Sections (Sheet 2 of 2)
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SECTION 4
ENGINE MOUNT

The engine mount is a built-up sheet metal ring surrounding the engine just above

- the aft fan (the thrust axis is vertical). The cross-section of the ring is shaped so that the

inner surface blends into the upper surface to form the inlet bellmouth for the aft fan.
Fittings on the lower surface of the ring pick up two of the four mounting lugs on the aft
fan case. When viewed from the top and measuring clockwise with 0° forward, the two
fittings are at 135° and 315°. A steady rest at 0° extends from the case of the engine to
the top of the ring. Fittings in the ring at 0° and 180° pick up roll bearings in the gimbal
ring. The fitting at 0° also supports the steady rest and incorporates the crank arm for

the roll actuator. The other end of the roll actuator is anchored to the gimbal ring.

The purpose of mount ring is to transmit loads from the vertical thrust engine to
the gimbal ring. The engine mount ring is designated as part number 7161-421003-1,
drawing number 7161-421003,

4.1. METHOD OF ANALYSIS:. «.

The analysis of the ring was performed on an IBM 7090 digital computer using the
Bell Aerosystems general purpose structural analysis program. This program utilizes

the matrix displacement method for the solution. Basic input data required is:

(1) Coordinates of all joints in a general structure coordinate system.

(2) Designation of type of element connecting the joints and element geometry,
(3) Type of material and temperature.

(4) Designation of load and restraint points.

(5) Loads.

From the input data the program evaluates the stiffness matrices for each ele-
ment, transforms them into the structure coordinate system and assembles a stiffness
matrix for the structure. This matrix is then inverted to give the flexibility matrix of the
structure. Multiplication of the flexibility matrix by the load vector yields the deflections
of the node points. Back substitution of the deflections into the element stiffness matrices

yields the forces in the individual elements.
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The ring was analyzed for the 19 basic loading conditions discussed in Section 4.

From this information the member forces were combined by superposition to obtain the

92 in-flight conditions discussed in Section 5. During the combination assembly the mem-

ber:forces were scanned to obtain the maximum values in Table 8.2, Section 8.

4.2

are designated as Dl through D

GEOMETRY OF RING.

The geometry of the ring is shown in Figure 4.1. Load points are A, B, C. Loads

8 Reaction points are D, E, F. Reactions are designated

R1 through R 6

4.3

BASIC LOADING CONDITIONS,
The basic loading conditions are subdivided into two groups.

(1) Landing Conditions
(2) In-Flight Conditions

Loading Information:

Vehicle Weight = 3400 1b
Engine Weight = 714 1b

Engine Thrust 4200 1b (Limit)
6300 1b (Ultimate «¢4— Use
Rocket Thrust 4000 1b (Limit

6000 1b (Ultimate) «@— Use

Minimum Structural Weight Associated with Rocket Thrust Condition is
2600 lb -+— Use

Maximuym Roll Angle = +40°

Maximum Pitch Angle = +54° (Subsequent to the beginning of the analysis this
was changed to 40° - not here though!)

Minimum Rolling Moment (Associated with Maximum Roll Angle = 15,100 in.-1b
Minimum Pitching Moment (Associated with Maximum Pitch Angle) = +17,800 in.-lb.
Maximum Rolling Moment (Associated with Zero Roll Angle) = +26,800 in.-1b
Maximum Pitching Moment (Associated with Zero Pitch Angle = +29,700 in.-1b

Assume all loads are applied at the center of gravity of the engine. These loads are

then transformed into loads applied to the ring at points A, B, and C,
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TABLE 3.1
MARGINS OF SAFETY - EQUIPMENT SECTION

NAME SECT/on  PROPERTIES APPLIED (LiMiT) |Conp. ALLoNABLE rYPE
PART Mo. Ti L/, | ZoAD | momenT I M.S
STRESS LS.
AREA Iy ¢ £ \\ &U a0 -lb Pea  |CASE uw»_u kwek.ww\ﬂ u_wvﬁmhu STAESS
i sron ool s — | o s | s at) | T | e T
[ PR " >
61-1530/5 50 | 5508|285 | — | — | 765 | 7735 | 2283012-IL 49/00 -
M5 — e | ——
20470 ARS RWET (SFLICE AREA) . . 165 . ——l2-7 | 595 cuEAR| *.03
AT7ACHMENT LONGE RO (716//5308)
70 FITTING (761-1530/3) 5 MS 20%70408 — | — | — /593 4-7 | 2975 SHEAR | t .24
ATTACHME T LONGEROA (7161-15301S)
7O FITTIOG (T61-153013) § MS 20470 B [ R oy
— | —l2Y26 | —— | ———|2-Z | 4310 | — | —— | suear | *.18
BEAM - ADJUSTABLE FLATFORM
7161~ 153006 2v38|.22zs0| 200 | — | — | —— | 7030 | 31200 éb | — | 54000}crerims| *.15
DIAGOM AL BRACE EQUIP. SECT.
TUBE  7/61-/530/6 el |owan| 75 | .58 | s2r | 7300 | —— | 8050 2-T | —— | ——— | 42000 | TEWSION| HicH
[F/TT/NG-FLATFORM AFT £QUIR
SECTION 7161-15013
213 fony | T8 | — | — | ——— 440 20900 | 2-Z | —— | ——— | 45000 |CRiPPLING t.43
180 |.00049y 09 | — | — | — ,8z | 38300|2- | — | — 77000 | BEVDING| . ¥S
BOLT (WAS é54-6) ATTACHING
FITTING (T/61-1530/8) TO VERTICAL
BEAM (TI61-/53008) o e | 2150 | —— e N 2- | 4080 | —— | —— |7EWSIN *, 26
VERT/CAL BEAM, AFT £QUIP SECT . 70
- —_ — —— /. G .
7161-153008 .650 mm.wm . R %\wmw \:mumw éb-I | —— | —— | 38000 |CRIPPLING
- _ N 150 TIHO ; 1 —— { ysp00 |criprume| *-82
B-B| 450|425 WF T 0 | — 5428 | &wso |66Z
Al |~ | | T} 700 | veose g | —— | —— | 47000 femerLice +.62
TUBE(-2T) FQUIF STRUCTURE
JAUSTALLATION FWD TIbl-15300) 4999 |.230 | 100 |.478 | -— | —— | 9750 —j2z-r|—— | /5720 —— |Bewomwe | *.0358
TUBE ASSEMBLY - DIAGONAL AFT
EQUIP SECT T14/-/5300& (= 2) 198 [ .08 | .s225 | 385 | 03 | 348 — ——— | -1 | 8B40 | —— | ——— |corumn v. e
WEB (-3) | onoon] — | omu | w4 | B | | g1 | 735 | —— | — [toLumMN| T 40
— | ] = T T MR T — | &b | 600 — | = |suerr-ar| *./5
TUBE (-9) £GuIP ST RUCTURE i .
IS TLATION FwD 716145300/ J338 | ozun| szs | Hivy ey | 4/ S — eom! 80 | —= | — |corumn | *. 2T
|
W L SR B -
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(ORIGIN 0F CosRPINATES JOT THE SAME AS Fre-41)

: =
Pr = 10405 APPiIES 47 EFABINVE C.E,
TR = T#RoST
T = TAWNCEUTIAL FORCE 0
S T NoRmAC FoecE
F = AX/AC FoRcE /N STEAC Y REST 5
D,= 0.707 7g 4
P, = 0.707 74 +0.707 54
=0 = 0, 7¢éz2¢ F )
Py = 0.707 Tg o
Dy-= 4707 T4 = 4.70754
P,=F'=s — o0 2708 F 5
77 = TR@ 22
Dg =

N
).
ety

Figure 4.2, Geometric Relationships Between Loads Applied at the Engine CG and
Reactions from the Ring
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SCUrrm v g FPIRCES ANDO MIMELTS
USINVNG THE GCFomETRY ofF
Fre. 4,2 vec DS 3

e cnma

P\

Pe
Fs
Pq
Ps

RA

+

OoRr

0.767/ 0707/ oW © © o
0,707t  9.707/ -0.72071 O o p962b
o o 0 lo 1.0 -0,2708
7.89/5  T.89%5 -18UUE  12.0 -12.0 -9.8252
-1.87/5 -7.8915 —7.8748  ]z2.0 -12.0 o

—

-/6.96¢8  }¢.948 0 o o 0

[P] +[FJ[R] =[O] EQQ! CIBRIVM EQUATION

o [R] = — [F] [¥]

TWVERTinvG [F] e HAVE :

[ 0.,1689 0./687 0.0000 0.0/65 <-0.0/65 —0.0295)
0.1689 0./687 0.0000 0,0/05 =00165 0, 0295
|.07¢64 —0.3378 0.0060 =0.0331 (0.0331 ©.0000
0.53885 0.0735 0.506006 =~0.0066 0.0482 0.0000
—0.29/8 o.~_qf.7}5 "0.5600 —=0.0066 —0.035! 0.0000
0.5426  GS542¢  0.0006 =0.0486 0. 046 - 0.0000

NEX]T PETERMMIWE THE P VECTORS FoR rHE BAS/C
LOARPING CormviirioNS. ‘
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7.7’, L ANCING LOAD Come] TIONS

(/. ) All FIOR CE GS SIRIAKE GCRIOND SIMUL FANEJOS L ¥,
LOAD FAcrok = 4.0

Venice € wriewr = 4(3400)= )3 ¢oo*
F=ma . o
a = I = /3, édd# - 4
o 2400%. 3
-————% .

\

s e 3 i e g

(2.) zmpacr ov cec @ owey.

FZ = |8 70#
F-L' = 25-50# (PIBECTFD Tww AR D /N x‘yPc/JUE)
: FwWD : ’
‘3

/-E’cu. Aris
\
N

AN
\
\

-\"

;' —— % PITCH AXIS
/

1

@ | @

Figure 4.3. Leg Numbering
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IMPACT O LEG Z owcy (Cowr)

@, = /8%:%, (vp)

3400" 3

L = 2 5507 (/pwnrzp
h 3400#3 ‘ )

TNERTIN FokPceES

= e Z/_i" /8 90 %, = e— #E
P, ! (£2/9) 357
_ , (LG
P = (0'707)(7;#)(;;:::3): 3798 [~ 2
'= 0.7 7) 7/4%) 25507 — -
o= nn(lt’)(200r ) =375»
(B.) TMPacT ow cec ®) owey
Py = — 3977
P‘ = 377#’ - 2¢.C. 32
PZ = -379%

ZmPacr ov (3) § @ Vieos O ¢ @ QZE’SPEU')«/E;V
WITH SicA CHANgE For P, f' P,
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(4,) TIMPACT ON teEcs D £ @ owvey

- >

Fu=F, = = /275%

N

e F =

G = 1890% 41690%  _
“s400% 9

r;:% x

F = 12757

3780%
2400 % 3

a, = -/aoz”—/goz‘ffj - 3Lob

o

2400#

3400 3

- |
p, = — 24 3750*5) = —79¢%

3 Z400#

h= - 'g”#(—g—gﬁ’s)

-

P, = 0

4~-8

756%™

F, =1275%

-/803%

< Ll ¢
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(5) IMPACT onv LEGS QD iC oney

By rwspecTion oF cAse(.):
- o
= 794
F o= o 2.t.C. &

P, = —75¢*

- xmpeacT onv Q)€ Q@) refersenrs DEQ) wirH (-F)
ITMPAcT N @ 5'@ RepresepTs @?‘@ wrn (- Pz)

45 TNFLICHT LOAL CONLr7/oAS

(/.) ENCIVE AT FULL. THRuv ST — [ROCKETS INOPERATIVE -
ATIITUPE ANED /MovEMEAT VERTICAL.,

TR
K

4300""’

WEIc v T 0F SIRVCTURE /S CAUSING LOADS AT ENEINE Alowwrs

P, = 23400%—714% ( (300t
> 3 2400¥ )

- ZFeC L
P o) -
Fb= o
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R.) Makimum Roce Ancte 15 + 40°

Gooo ¥

USE MINImIun] VEHICCE WE 247 OF 26007 FOor MAximurt
ACCECERAT /oM ' '

a = 24640000:3 = 233

= - 73’1#(2, 3/3)5,,;4'0" = —/058%

= -;Zéi#(z.sfg)Cas4o° _ - - Lrecz
F,=0O

(3.) MAY» um Roct ANWECE ts — 40°

T.ELC 3
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(4') MAX/M-V” PITCH ANCLE 18 + 6549

K3

a = 2.3/’; AS FoR IT.F.L.C.2

P, = %_*#(z.zlg)szhﬂ‘- = /332%# i T.FLC 4

_ # |
P = "73(1 (2,3/3)505.5‘4" = -958%

(5.) maxmom prrew Anvcie 1s — 54°

=0
Pz‘:-ISZZ#" P A AR

FWD Y

* THROUVEHNOUT THE ANALKNSLS 4 VALVE oF Pz = /2/2#';4/,45

VSEDP FoR ZI.FL.C. 4 pVP S, THis ZTwTROpuckL AN ERRIR.
OF  APPROX/mMATELY &% IN ALl REACTIONS AND ELEMENT
STRESSES FopR 7HESE fa/a BAsIic Lo APN& CoONLITIINS,
SCBSEQUENT To THIS ANACKSIs THE rMAXMur P /7CH AEE
whas REpocED ToL400 , THIS wite RFDUcE THE
VALVE oF P, , I7 ALSO ZNCREASES THE VALUE oF Py
BoT THE mAximusy VALVE oF Py [For FrcH AwilE oF
2ERD IS I AVEST/ICATEL, A CHEcx OF TJHBLE Y3 Spows

THAT TN N0 CASE /S JTHE PMAXIMUA fiA0 Fo A4
PARTICVLAR TyPE OF FLEMFAT JMNE whHicH TAPLVES
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LRCAR CUoimusis o AND 8o THE ity € sagpopit sst
AFFECTED 15 7 HF STEADY REST LI/INIC, The DESical
LOAD FIR THE Livk WAST2858%, (U s/ve THE CoreecT
VALWE OF P,=1332% RESUcTs /1w A Liar oF 128987
THE JNCREASE 15 90%* O /. 9%,, IF THE RESMicTEL
PrrcHH ANcLE OF 40° 4S YSED THE PESuiTiAo LoAD
/s 2750% A pECREASE oF 88% ok 3./7, On THE
BAstsS OF THE FOREGOIWE. DISCuss/ON 1T WAS PECFIPEP
THAT A REVISED ANACYS’S 0 AS UNNECE SSARY,
ConsE ﬂuﬁm}'ey JHE ANALY s1s RELRESEGENTED HERE
WAS MADE Usinvé T, Fo& I F.t.c. 4¢5 47 12i2%

(é) POSITIVE ROLLING MIMEA/T ASSAc,ATED w)ir M
LESTIRATIO N EROIM Fure NECATIVE Rote. (-40°)

ffs.f- 7 /éj/ad,,;#‘

(7.) MNEGATIVE ROt 1nve /MOIMENT ASSoCiaTED (wiT H
RE STORAT toN FRim Foce Posirive EALC,("“”C"’)

Pp= — /5,700 m#*

RESTORATION FRom [Foee NECHTIWE Fr7ers ("'540)

P, = -/—/Z&oam'#

(9.) NE¢ATIVE Pr7eHive MomEwWT A£50C/ATIFZ wiTH
REST70RATION FROM Fute FPosiTive P/Tc,q‘(45"4°)

Pp= — 178000 %
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(0) FEacme Tievsr =0
BocwkETr THEUST = COogott
NEUIRA(C A771TUpE.

PB = - 7/?'*(2‘3/;) = - /6.5-0#

7

MeTES

W-FLIGHT LOAL Conlirions [/- 14 ArE Ace

ASS0C/ATEL WITH NEURAC ATTITUDE o7 4 rREGAR D
TO THER REsSPFecrivE AXES AP ARE MAximMuyad

VALUE S,
(//,) Posirive Poce MdMFm?f
ff;= 26,600 -7
(/12  NEGATIIE Rocc mosmens
@. = =20, 800 nF
(/3.) Posi7ziwe P,rewmnve Moprear

= 29, 700 i1n-F

(/4.) NECATIVE Pr7cw e AOrm ET

]2 =—292700 'n-F
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Wb ScUAINIARY O LIADP VECTORS

LoAPS APPLIED 70 THE CEMNMER
OF GRAVITY OF THE EAcIVE,

2

5

4

LANDINCG LoADP Cor LrTiaNs,

S

319#

______

;_5___'77#

756 #

379%

—377%

=377

- 2977

I T

- 7567

IN-FLIGRT LOAD CONEBITIONS

2 3

~/058%

/6 58%

P2

~/Z212%¥

F} 4940 #

—/262¥ |—1z6 2¥#

—708%|

4

/5/ 1000®

= /5100 ¥

N

12

Fa | 1780047178000

~/650¥ |

26,800 ¥

-261300»;@ |
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THE REACTION FNFLoEihl COFFFIC = I SWATIVIX
-/ }
(L'FJ p.#.S) WAS PosT MULTIPLIED BY EACH OF THE
ENCIVNE C. 6. LOAP VECTORS T LET THE REACTIIAS

r- FRIM THE RINE 70 THE ENSINE, THESE [LEACr 845
WENRE Mueripe/er By (—/) TO CONVERT JTHE 21 3¢
{; LOAPS APPLIEDL Yo r#E RINE THESE LoA ps

WERE THEN FTRANS FORMEL /A0 THE S7euvcr7ifls

5 COORPINATE S4¢57EA 25 74/E RELATION sKIPS
EXPRESSED WITH FIG. & 2. THE BEsc.rwe LOALS

3 APPLIED 77 F7HE /NG ANPD THE BEACT/IONS From
= THE GoimMBAC RINE 70 FHE ENEJNVE PINE ARE
& SUmmARIZED /N TABLE 4./,

4.2. COMBIN ATIORS SF TN-FLIEHT LIAD COA/ Lt TIOMS

THE Fo55/8CE ContgiAT10 S BF TA-Felrsmwi
f ConBITIonS wh/iclyy CAN OCCUR ARE Scumm Al)ZEL
s IN TABcE #.2,
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TABLE 4.1
BASIC LOAD CONDITIONS

LANDING LOAD Cowbirions e TR TenT LoA D CowbiTions ]
poapsy | 1 A |3 1% | f 213 14 js e | T, 9 Jio [ wi 1213114

e R L Fofm mimnzas sma s s

D, Q 72 [o) g0 |[=%0
D2 (@] 288 1 3279 | ebe 2/
Ds ©_ 1376 1 0O 296 _1-23%¢

(46 = /46 | =117 | | zo¥ |=208 | T8 1-3% | F/¢ | T4T [=397

/
) A
O 1-93Z | 432 1 -/4¢ | 146G | 177 1-i77 _|=208 | 208 | O\ 14 |-3/7 |=397 | 347
O 1CEsd 1 Z5d | 438 =035 | 267 |=Po7 | =R33 | B3% | Q1 /255 |-/is55 | 1396 | /370
Da o 1790 o o =90 =2k | [2G | /46 |-14C 1 =77 7y | Zo8 | -2e8 | B |-31¢ | Z1é | 347139 N
o~ ;
o

4 A —_—

De O =767 =379 [ ~483[=Z7] 280 [=GBo. | 437 1TasT =R TE30 | G d =4 @ <gd] T y47 7837 (=jod

D O 1 -ul O =m 171 TE6 | =7#6 [ -i79 2| 177 =ieg 199 23 =27 00 e 3w {739 [y

D, =/928| =319 _| =375 | =eIF =442 2350 =276 |=[04% | =395 =73 | =530 | K30 | =y7 |7 |82 [ -927 | 77 =B 95
"Dy |mdzA | 33 =22 74 =48 2490 (21202 T8 | F33F =5y 3 [ 729 1 -TZ8 ST T N7 D T8I JZin =29 [ =95 758
EA - S e T e e e L T e

R, (SR N i A N & A0 (= 7000 = S | N o N AN 2”300 07X 08 S~ N - W W Y- b AR ¥ 2:Y Lol B R g 2

A NN ST 7 A v 4 e U Y0 = T OO NN W 3/ N N /0 A o AR W W s 7% Lok I 2% 4 B s O
N — R TS A [ S P R S

s O 1 =/A8 <48 [ =3% | & N O 1528 [ -643 "0 1.0 =79 179§ 0 1

f Ry 10O Y 4 A A A O B W€ 207 5% N o N W s N N~ N =7 /-7 A8 -2 A W = B SR JS Y A .

i JOR0 VSR RSN SO S AR

. 7

00 | 378 398 i-2490|. LZ3 . 480 | 488 | 2 =3 ‘.‘Tw_‘&&.._m‘&_ R ¥ O MU NG Sl Xy A B

R [ #Ze T TIT39E L 394 Wu.m@.‘m_ 63271593 1488 | 480 [ -2 -.-M_”.,w.wwum...‘w;w‘,.w,.w..‘muw BzE [ =4[ T4 | Fe ] .,m@wmh_,.m




TABLE 4.2
IN-FLIGHT LOAD COMBINATIONS
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TABLE 4.2. (CONT)
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TABLE 4.2. (CONT)
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4.8 _TLPEALIZATION oF SIRUCTURE.

JOR PURFPOSES OF THE ANdissis THE RIME
WASE ASSOMELD 70 BE CoMPoSED OF P CosweEcrer
AXIAL FOERCE MEMPBERS AUD SHEAR FPANELS , THE
IPEALIZED CROSS SEcrjon /5 SKown 14 Fr6. § 4,
FICH.ESHIwsS A P AN ForM 'or THE PIVE WiTH THE
NUMBIERING OF rHE NMODE PInvTs, SUPPIRT FIXTURES
ARE SImvtATE P By AXIAL FORcE MEMBERS Avp SHEAR

 PANELS ALSO. THE FLFEINE Miowrs ARE SIMuLATE D

By AXIAL ForRce€ MEMBERS, THE CUrdvr SHIwN IN
FIC4.EWAS PELE TEL SUBSE QUENT 70 THE ANVALSSAS,
S/vCE REMIVAL OF THE CuTouT TEWNDS rd REDUCE
TRE SpguEpIry ¢F STRESc JA 7HAT V/c/MNITY A0
CHANGE whAs s2A8PE N THE AHJNALYSISe MEMBEES
IN TaE RECroN) OF FMF (or @ui wHICH wepe e
[EAVIC S LOQDEL UERrRE CompPALLED Cloitkh FHEIE
COvwTER PARTS s 7HE CFECron DIAMEIRICACLY
OPPISED AL JN SomE CASEs SLIcHT REDUCIIHVS
y MEMBER LoAPS wWrpLEe ASSumMELD.

77/f PMATHEP AT AL ANACYSIS [PIF < /oy PERMIT THE USr

OF SHAFAR PAwE LS AT Po/NTs wWHERE AN AXrAc Fitc &

MEMPBER TERAMMNIIES, [FoR T/HIE REAsIN TRIAA & vink.

PLATE ELEMENrs s0 PEANE SIRESS WELE Uvsels AT
TAES & PosNVN7Ts,

: TRIANG Y AR PLATE
ELEMEAVTS 10/
' 13\/ PLANE STRE 55,
, AXIH

4-20

L FIRCE MEMBERS. Zggo STrFFAEST WERE [/~ :I&AIZ
PANEL 18 USEL, .
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AT

N
e

THE O IT Po7 O0F THE ANALYSIS PrrRofRAr] FIR
TRIANGLE S IN PLANE SIRESE /s OF | 0oy T /W

A LOCAL CooRr pPr/NARTE S5¥SrEr For THE ELEMEAT,
AN FUALUAT 10 A/ aﬁ'. MIAKIMUM SHEARING STRELS /N THE
ELEAIENT REUVIRES THE PETERPMINAIION OF JTHE
FRINCIPAL STRESSES. THSTEAD OF THNIS, THE MANmMr
SHERR STRESS JN A PAVEL SsrMvte ASTEFP B ) JI/AKGAL
PLATE ELEMENTS WAS TAKEN 45 7HAT sF rHE
HICHER S7i2Fss E& APVAceNr» SHEAER FIVE L.

SHEAL PANEC
BETwEER RIBS

10. 85

AXIAL FoRCE
MEMBE RS

Figure 4.4. Idealized Cross Section
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NOTES :

L, ELEVATION 6F Po/A/Ts:

-

Ay
thﬁ;\m MounT

@ CUTOUT DELETED 1IN FINAL DESIGN.

e NODE POIWTS OF S:MULATED SUPPIRT
FIXTvRES ARE OM1TTED,

@ TRIANGULAR PLATE ECE MENTS [N
PLANE STRESS

Cree.5, Tdestized Structure - Nunbering of Node Points

Vet TIATOR IO



49 _MAXMA ALLOW 4BE
ELEMENT LOALS

THE FOLlow /NG ABBRE VIATIONS ARE UsED 1M
THIS SFC7710A/2

BSM — BELL AFRosysTFMs STROCTOURE S MAVCAC

MHE = Mgy HANDBaOK —& STRENETH OF
METAL AlecrAFT ELEMEA/T'S

ASH - AlCoh SrrucrieAc HANP BooKk - Acvsmwm
COoMPANY O0F AMERIC A,

‘/91 PART ‘7/¢1- 421003 ~/  TLOowERr INBIARD STRINGCE L

MATL - 2024- o, AsSoMEZ024 ~ T4
1% ANELE :

t=0.050 Q1 E @D t-0.090

é 0,040

AREA= O./72 /1n*

Fou = C2ksc
Fty = 40 Ks¢

Fé'\)' = 40 K;C

LOCAC Buckeine — PROJFCTING FLEMENT

=7z

Male + 4 5K

b _ /43
t

BSM Fic. 80.04.2- &
(yz‘_ = 20 S
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Cocvumpn BUCKLING
PROCEDVRE FOR E WALUATING CEITICAL STRESS

fy = of Agy
%r’ ‘ T-D-Ca, + P-Cb
F f—d PCF'
<A{a+ Aﬂ,)
WHE RE ° ]

0’27 = MAX. AvENACE FAILVRE STRESS For FLAMCE ¢

Ah' = Aren OF FLAwsE ¢

Pﬁ' = (OwriTicac Loap For Owe FLAneE

T = MAx Aveesce FravrEe STRESs [For
SECTIoN-

Os IS EVACUATED FRIM BSM Fie 80.04, 2-&

EnvTER BSM Filg Fo.02. 2-2 (Towsw PAnAoau.c)

Wirs : AN D L . THIS SFre£s. Cg_F'an- CotymnN
AT

| BUCK&/M"

= UNSUPPIRT £ LEVCTH
= LEAST RAPIvs JF G YRALSIsA/

L
Je = |/ For PnVED ENVDS.

BSM Fic ©o0.04.2-§.
-C= 26 ksé

BSmM Fl¢ 90.02.2~2

0. 176

= 24 /€S5S¢
P(‘.r: o A = 2440#

LZ1s. r  FARTA
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4.92. PART 7/6/— 42(063—9 - LowER OuTBIAED STRINVEER.

MATL 2024-0, Assume 2424-T#
I X ANCLE

t=0. 03‘4

@ é::d'.'aco

THIS 1S FHE SAME SECTION AS PMZT n
Cocvman RBucrlive. '

[=0.040

.A-— 4’72IH

Lo &Y _ 29, U:'= 2¢ ks
S o ) AU

BSM Fic Fo.02. 2-2
Top = 24.5 ksc

LocAac Pac.g comwé Conwrnhots

p = 3440% | tos P FrTq
,
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4.9:3. PARTS  "7/6/- 427003 —2 & UPPER OUTECARD
7161~ 421003 — 23 STRINVEE L.

MAT'L - 2024-0, ASSUME 2024-T4

AREA = 4(0.040) + 2 (a.‘oé.3) + z(a,a:o)
A= 0.38¢C  7¢74¢
A= 0.306 Usmwe. é SE/MS
A= 0.2Z26 Awkigs owvey,

LocAe BuCkL INE~PRITECTING ECEMELT OF 28

C 7.463
BSM ;/& 90'04'02"!

TCI' - /\5’.( Ks

CotvMmn Bueklive: BSN 80.04-2-5 (Neglect SKIV) |
Etemens [ Ez -B.85 >0 = 38k = P= 429

= LT - 07 = Z4KSE -m P, = LS/K

>

z
£
z

3 C%=ZO —> 0 T 2/ ks —» Py= /05K
'3

Y. '3)430. A P: .85 K
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BSr7 F0,02,2—72 -
£ corecspovpivs 7o 07 (LocAl Bucktinvg)
OoF /&8 ks e
L= 83
S

L= 33(6'/7'7)::: 6.5 in

. MAX/MJM Acr’t/,qc CERETIH PR THIS LLEAIEAT
/S G on, L Cloepc Boucrwewe ConTrois,

P,= /6.14'_,&:‘"( 9.30 )

Pcr='474a#'-‘.u.d.s‘ Rr. PCVTZ'ZZS‘
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4:9.49. PARY 7/6/- 921003 —2| UPPER Iw@oarD STRINCER

MATL - 2424 -0 ASSumE Zoz $-T4¢4

Ix1X6. 07/ (@]

AREA= (007/)0.193) +d.040(1) = o177
A= 0./5% FIR ANE L sucin. |
LocAC Bucr e MG - PROTECTING ECEMELT OF 2|

T Qo7 /4.1

BSM Fire. 20,.04.2-¢"
g = =206.1] ks¢

L

Cocvomu Bucreewe.,
| i = 26 ks¢
BsMm Fi¢. 70.02.2-2
L oe wrren Cocomn Bkt inve [EPIALS

L O0CAC PBuecktive,

L= ¢2

S _.
L = 52(0./4‘14):‘- E. 95 /n

MAX. LEVETH IV RI)NG- IS ¥ 1n, OL

Locac Bucrecrne ConTrROLS,

}7“ = (zo.lf:so‘xa./ﬁ) = 360 ‘y_Ls E’ZTZ/
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#’,ﬁ . PART 716l —42 100 2 — 6;4 — AX/4L _[FORcEMEMBERS.
O/ UPPE R EPcE OF KRIBS.

MAT Y, : 2024~ T3 o |
/X I1x 6,040 4'/-4:-’ t=d,060.

Amzé,q s (/,7/,[0.440) +. -}_L(ﬂnﬂ.'lo )(/)

ArEpr = 0,078 Aweir + HRI1B
LOCAC Bucke Ve - PROTELTINIG FLEMEAT
b _ o ‘
-_—= At - 25
& G40

BSM Fic go.04.2- 9 |
0 = .5 ks

Cotomy Bucke s#é-
BsM Fie 80,042~ ¢

= 195 :
Fros? Gsm Frlc. 94,02.2-1 = Varwe OF & For wuicw

G For Cobivmn Bucxime EQAUALS G, LockHl [Foeic bING /5 %

L= )5
L= .d‘éb(/’f) Ll 23 4y -

MA)( , LB"A//rH AS 6 /:y, 2_—5 CocAt Boecitivéb CenvrTrLg

Per. - ( é. 5’;@)’ J a?g,‘,.) |

= @ ANAL FoLCE MEMDiZES O X K18S.
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4,9,L.PACT 1/61- 421003 -4/ THEC 45 — AxjaL Force MEMEERS
ON BRI PER)METE R . | -

/7/17')4: ,2024’0 A.f_.s'a»ye 22¢ - T4

R1B

ASSUMEDP Ax)pAL Forci= MEMGE/R
0.7 X078 X4.048

A = (1.46)0.010) 4,75 Yo%)
. *
sk g.040 A= 0.0733

LOcAC Bdcrtine oF PROJECTING ELEMEAMNT.

Assume © /s 4 Free Epce, IS SimPLY
SUPPIRTE L — USE 4 SKIN THICKNESS

-_é;..—. 0;7‘_'5.’2 12,5
t @ Jdd6
Bsm Fl1¢c 80,04, z-5
OE"_ =z 2% ks¢

Cotummn Bucwrerw .

BsSM Fi¢ &d,04.2-5 b _ % - /8,75
F: Z 2 kse &
'
Bsnm Fi4 90.02.2-2
Horrezonral Levery = 6.0 +n
VERTICAC CEwerN = /.85 1y
Horizonrae, — £ = £ = 4).2
S 4,142
.= 2zoKksc
VERTIcH., L _ /0.5 =74
J 4,142
g = /6 1e s¢
r
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}/Iﬂ/?ﬂ”rﬁb ECEmenrs.

E", = (zo ksb'X0:0733)
) PC('= /466 /b‘s,‘mm“ oM R1BS
VerTICAL ELEMF'UT\S‘

R, = (/6 ksc)0.0233)

P = lbe laligr. d.E.PMErEERs o0 RIS,
‘ Ef' ,/72 S . EXCEPT ENCINE MovarTs

VERT/ICAL MEMBERLS oN INBIARD Evee AT EANCwE
MIow7T Po/v7rs,

Eis

€= 0032 ASSOMED EFFECTIVE 0.95x0.75 % 0,040

9

R ¢
— BEcc amovry

Locat Bocuciwé [royecriwe Ecerment. _
A/o_ CHMGE Puve To coTBAck AT Eaips OF 0,032
ANCLE, (566 pW6, 7161 - 421003)
Cotvmm Bockeiwe: BSM Frg. 80.04, 2-5
Lo 2285 — 4, 4. |
.t

4072
G}" = BErsc
£ R
—_— = /J'é — 7(:4’
4 4.7%) | |
Go= 6 ks¢ (Bsm Fie 94.02.2-2)
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peca = (0072 4&-0.072) + oY .040)
A= 018 |
grs (00//3X/4k,d)

’ A VERTICAL AWAL FokcE
.= 1890 Jbs laLNBorLL VE ‘
MEMBERS AT BENGCINGE MOLKTS
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4.9.7.PAer_iL [~ 421003~ 33 # 3SE” ~MIOPLE _OurBoARD AnD
TN CoAR D 572/”@545. (ZEQIQM oF SiPrer F/nucz;,)

MAT'L. 2024-0 — ASSome 2024-T4¢
ANGLE  IX1x0. 063 |

ARE A = (a,aéaxz-a,a:,a)-_-; 2,422
Loc AL Puckernve. - o

J?.-_—, _L = 1_57
14 0. 06E
BSM Fr¢. &0.04.2-5
' ey = /6 ks
Corumn) Buocrecrwe.
& = '24‘IC§6‘

£
Bsm Fi8 90.02.2-%.
£ For LocAe Bocwewb = 'Cacr/,«m Luciceno.

f
L= 76
Z -:_f(ﬂ, /7éI7é> = /5/rn i bocac Bucwcrse

Con 10t $.

cr

P = (/6 /‘So'xol /22 4 ") ‘/9{2 /6.

o« 2L IHID £0r B sTrmiieRs, 3335

R =19521bs.
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4,98, Frers 7/6/-42100 3- 7 17 — JUrBdae p sgn
MATL. 2024- TS
SHEAR FPANEC C=d0d¢.

USE ISSr7 Fic /10.02.2-T For SHEAR Bucweirc.

THIS /5 o€ RECTANGwe 4R PAMMVELS — V5E AUERRCE wiPrH
OF 7TRAPEZOIPA FPANEC <.

| ‘—‘—-kj’l k

b = bf+ LL = /0:8
z. .
EmeTRYy b, | 4. | b ba| &, 12 CEees
/ S:4 |S. 815 a5y | 14013.2 | g — 4

4.0 10,3711 100 |58 | 24, /3 14,2829
3 1692 1/32 |35] 719- 206

2 /

= Ky

4 /._Z_‘h/_,_?; /2 lonl |30 |240 6"/2 r 4

S .0 3.8 448F 25 ¢.8] z, /J'-IJ 30,31 UPPER.
&

2.6 (2.6 'Z 5?‘791 L5 f/é.o [2) 518, 30,31 LowEg

Locariiw oF CeetLs /s PEsIca gri= N FIE. é,

* -é: 3'8
“ : 2“
3.6

L
Qa
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4.9.9 PART 7/¢/-421003 — /6~ — WER
AT L 2024-T3

SHEAR PANvEL ¢ VEE BSM /10,02, 2~2
t:0,040-3 a = 6. ' A

ceorerey] & | b2 | b ] W [P 22, CELS
/ 2.6]138| 32|05/ 80| /0 | /-%,1/3-18, 28-3/
2 2,715 4147 0% 1§ &3 | _6-177
S __137)s5.114.410.70110 |58 | 79-26
4 rz]rzlrz|041¢] 30 [245 | & iz 27

A.9.10.PART 7/6) - 42190 3= 4/~+45 R8s
PAve 2024~0  Assume T#

a = /0.7 ) b=¢.257 | T=d.av0

b — o‘é';g b - _-'.

= = t, o= s
BSM sp0.62.2-2
.="2.6 ks

19.//: Paer 7/¢1 - 4240032 -2 - BELLMOUTH.
MATL 606} -0 — USE Gotrs-TL (ga = 4Z"$y‘)
| T= 0 040.

A CHeck As Twsipe SxoN.
BS5r7 £70.02.2 -4

Geomemyl b b | B | 2. CELLs.
) 2.7 | /a5 o288 73 |77 13,4 /3,14, 28,29
2 41 1105 10.39 1 s02l5 1 6 -1/
3 3.8 1105430 9516.1 | /9-2¢
4 12 J10.5710.17 |30 1240 | 5572,27 -
5 25 |25 1433163 [14.0 |420,/58,3531 vwrex
: G 2% |2.5 |0:10]| 60 /8,0 2,15-18,3031 Lowep]
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ﬁ CHECIc AS UPPEL Sk

e -

a = 2_7_7.."9: 718

?\ - 3.8/
- £ = 0,040
@ - /08°
Bl b=&38
BsAr Fre 730.03,2-/
-ﬂ- _é_-l '.—_.— = d’z
x - ).z 4
b
D kK = 40
b 1 2z -7
z g,
1:( = /6.2 KSO
B.2 b=4p
Z =100
X a LB
T |
;$ " I<§ = 30
Lo
_51-2-: = /8,2
77 = 19.6 Ksc|
cr
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Figure 4.6. Arrangement of Ribs in Ring
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A0 _Sur?r?AR ¢ OF ELEMEAT LoADS.

TAPLE 43 SummAR I1FES MAX MM ECEMENT LoAPS |
AND CRIFICAL ECERMERT LIADS ALon e wirkh FNE
LOCATION OF THE ELEMERT /X THE RING AvS

THE Loap CM—;,GMM Y764/ Ffz/wyc/mc THE MAX/MUMm
VALVE. . o~

UNEPER AXI1AL Forc & MEMBERS, ity yHosE MeEMBEES

CoONSIPERED /W rHE ANALYLS/S ARE ITWCLupED, TEUSNE'
LOADS AS WELL AS COMPRESSIVIE LOADS ARE [PRESFurely -

AL CRTIcAe LoAabs ApE Compressyk.

vpans

L s

oy

UNPER. SHEAR PANE s ) THE PAwecs v 10 E Fivac -
DEcrew ARE TABULATED BY CBLL AUMBER Atiom &
Wirh THE CORRES PenDIng.- (45 MEAR AS. PassiBE) p‘M’E"

M THL' :DLAL/zEP STRvcTIR E,

a3

F/Cr/f/OQSJELEMEAﬂz U3£P 7 S/M«Q,qrg _s'g,o,adg}'
FIXTURES ARE MNOT tNCLvlPED, N
CLoAap Co»fazm47'/o¢/ yomoz:ﬂ_x JﬂE THISE LreTel>
IV TABLE H.2 o S

THE ForLdwmié ABREVIATIONS ARE UsES o TABE 43,
U.05. UPRFAR OuT@ian P SIRI/INVEER

0Ts »” IVBOARD = *. p
Los Low R IITBIARD 1«

LTs ‘o TNBiARD "

Mrs MIPDLE " o u

Mo5 h dufauﬂb- n

R Ry®s

.. COAP ComB/nA Trons (rAse = Z)
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Ke = 3130
PKS < 3680

62 |- 42— 12
Fe = 8090 /bs.

USF SAME Srrewerk As /794-5 For
Check

AUusw aQee Beppmwve Vatves,
MHE TA8te &, 1. LLI(F)

2024-Y4 <+ =0.063 Kz A/78 =a— Conrnse.
20/4-T6 K= /29 _
MRS  T7ABLE 8.1.1 11 (3) | ' -
JEBoer 0062 P P= [9¢9 KkP= z3zo

ZL'Bo:.r',c?.dé‘st. 1?“’, yigh X kKp =/8¢0
.é_ Bocr, 0,07/ B . P= /776 KP= 2o9s”
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ALLOWABLE LOADSs on BOLTS

UPPER OuTRoARD G940 /bs.
UPPER TN BoAR P (285 lbs

MIPPLE OurBoarp ¢3¢0 lbs
Mippee TwWBosRP . $580 lbs.

dlLowrBie SrRess TRANSEER, (Brsesr on AREAs
USELr Forp ANALvYS’S.)

= P
Ar A
U.0tBD. - 0 = G766 _ Z/,800 F“";
- 0322
V. Twbp g = ¢ 285 | j60 ‘
. -~ 36,1 v
' 4.17¢ / r
M oTBPD = ¢9¢0 _ 39}20”‘“‘;
0.7957 _
. 3 4
MIwep G == Jf’io. - 25) G0 s
01957

FROM THE TABcE oF MAumen) STIZESSES JTAIKE
THE Somr gF 7#E LARCEST ARSIUTE VALWWELS
THESE VALVES ARE FreriTiovs BECAUSE 7HiEs
COME FROM DIFFEREAT LoApiNé& COr b rTigads »
How FUER, THEY ARE EdvAL To oOR LREATEp 7'/~M/V
THE MAXIMUM loAC TRANSEE R,

ELEMC—'UI’J £oC . AT A), 17/F/’.<‘>u.')
/875215 vrL /9, /53
157, /18s vo /4,0 385~
272,281 Mo LAY
283,29y MZ : 7058
/¢ 7 171 v.o. 4597 fZoers. g/
/”,/ 20) U T /5, 70/ fand
274,276 Mo 2772
sd zac M 3047,
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A /.32, Sﬂl/C&S’
FAer 2l. , Ecemen7T /93

Py = 13, 686 pei (0.474) = 238 b,
Z MS 20470 ADJ’ C‘ 0.47/
" Re = 5"9’é lb.s.

2 M5 20420 ADS

Use B, = &7¢

THE COUNTERSINK )& IN THE EFtc ardvri4,

THE ACTUAC QAP TRAVSEER /S Pron
OGN 7rhE Fuie SHANK,

S
V= 4(570) = 2384 /bs.  gls

|

PaeT 22 ELEMELT /(3

?my = (3738 psc )o. 322) = /204 /.
THIS 15 Fore PARTS zag‘ 25 . Assom=E 23
CARBIES .L '

P = 640 b,

M52642.ARP, = =88 b,

3(395)-‘:‘ /164 /b > Godlb. Q_:
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SECTION 5
LEG

The vehicle has four legs to attach the four landing shock struts to the center body.
Each leg is a triangular truss with three main chord members. The lower portion of the
leg and each chord member (including the gussets) are heat treated and aged each as a sub-
assembly and then the leg is made a complete assembly by welding the diagonals to the
gussets. Only these welds are left in the as welded condition. Specifically these are the
welds attaching each diagonal except the 5 end of 5-9 and 5-12. Also the 8 and 11 ends of

the lower longerons are as welded. The remainder of the leg material is 6061-T6,

5.1 ANALYSIS OF LEGS.

The leg analysis was performed on an IBM 7090 digital computer using the Bell
Aerosystems general purpose structural analysis program. The mechanics of this program

are described in the discussion of the engine mount analysis .
5.2 LEG GEOMETRY.

The geometry of the leg is shown in Figures 5.1, 5.2 and 5.3. Points at which loads
are introduced are @ and . Support points are @ , and @ , at which
points the leg was assumed to be pinned to the center body structure. The leg consists of
31 members, 9 of which are assumed to be axial force members. The remaining 22 mem-
bers were treated as flexural members in the analysis. Coordinates of the leg node points

are given in Table 5.1.
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Figure 5.1. Leg - Side View '
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5-4

LEG NODE POINT COORDINATES

TABLE 5.1

fg\/ool?ﬁ X 4 z
/ 86.65 o /16.00
2 86,65 0] /] 8.8
3 86, . S o /1 ¢69.50
m 89.15 o / &9.50
s 94. 65 (o} / G 9.50
G 2 1. 81 o 704,63
T 49,09 o 239.75
8 94.66 8.9/ | 4 4,00 .
9 3/.01 1641 /1e9.50
10 T2.71 +5.10 /198 B4
11 q94.68 - 8.9/ 1 44.00
/I 2 31.01 -16.42 / ©9. S50
! 3 7z2.71 -2§8.10 1 9 83.84
1 4 26, CS 8.9/ /] > 8,38
]S 8 6.6S - 8.9/ /] 38.3%
/6 86.65 8.9/ /44,00
A 86.65 \ - 8.9 144,00
/ 8 9 4.65 o 144,00
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J.3. LOAD CONDIT/IONS (uLT7MATE)
- THE LEG WAS ANALYLED For §
CoOND/T/ONS OF LOAD. FouRl OF THESE
LoADS WERE ASSOCIATED WITH LANDING
CONDITIONS.THE OTHER TWO LOADS WERE
ASSOC)ATED \.;«111’;-." @ﬂ,OUr‘:Q‘COrJDIT‘IcN‘S.
53.L.LANDING LOAD CONDITIONS .

(/.) ALL FOUR LEGS STRIRKRE GROLUND
SImULTANE OUILY, OR
TWO D/IAGONAL LEGS
STRIKE GROUND SMUL-
TANEO VsLY (P. ). 10)

?

Pa PEA LEG = D4 00#

(2) IMPACT ON ONE LEG
onLY, (P /.17)
Fe= 1890 #

Px= 2550 # |

(P,\ Fdf\ca_ﬂcr.s INWARD ON

VEKICLE ALom s LEG ¢ )
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(3) 7wo ADTACENT LEGS ST7TRIKE
GAOUND SIMULTANEOUSLY., l
REACTION @ £aCKH LEG Equal
AND DIR ECTED PERPENDICULAR
To A LINE PRAWN BETWEEN
conNTACT POINTS. (\)?/6;'/,,;.;7 )
Pg,:‘ ] 830 # PFR y
Px,=1275%* ‘heg » 5

’ | | (+) Axes
Py, ==1275 # _ | FoR LEG |

(4) same as 3) A BovE EXCEPT
tEes (D 4@ STRIKE GRouND
StmuLT ANEOUSLY,
Pey=18907 ) oep
Px, /12718 # [ G
Py, =12185#
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 5.3.2.GROUND L0AD conNpiTIONS

(53 TACKING ASSUMED onN AL 4 1LEGS.
FORCE APPLIED @ NWODE PoInT B . SEE

FIG. S8, . , :
MNa= 1.5 cimiT  (JRBLE [.3)
p= D400 X I-S » I.§ _ ;90 #

T 22 =

(6.) T/E DoWAN COND/TION WITH FoACE
ﬁém..:;o onN ALL 4 LEGS @ ~noDE Co)nNT
B.T/E Down FORCE DOES AJOT BELIEVE
LoAD /N SKHOCK STRUTS.
ENG THAUVST = 4200 #»
ROCKET THAVIT = 40D O

SHOCK STRUT LoADS= D400 o B
VEH. WT: (m/M}a 2600 #

4200 + 4000

2600

“%“N’T | 7“3%
T= 4200 1- 4000 +>400 - L6600

: 4
7 ?ooo

4
T = 15 x 2250 % 3375 % CuL7)
sSHockK .s-n?ur LOAD = ’5-"93"00 = 1275
| oLT)

22 50# (LmT)
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TABLE 5.2

SUMMARY OF LOADS

LAND/NG CONDIT|ONS

G ROU~N D
CONDIT|ONS

ygg? / 2 3 4 5 c

/ % 2550|1275 | 127s

Iy -127S5|/278

/2 |2400|/890|/890] /890 1276,
| /8= 1910|3375
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TABLE 5.3
AXIAL FORCE MEMBERS

LENGTH

CR|TICAL

MEMBER _S12E () |toap compl max.Lo ap 6:;&,
G-T [R%4».049| 44.3 1 6700 | 7100
9-10 |2%4x.049] S1.7 | 3 3470 | ceoo0
/2-13 |[2%x049| §1.7 4 4810| ceoo
7-12 |/ x.035 3")..8 4 /1090 | 11 40
12-10 |1%».038| ¢&.7 3 |/1s20| /640
G-9 |14 x. 035 298 3 /7240 | 200
G-/2 /’/;x.bas 39.8 4 /240 | 2600
G-10 |14 x.035| &7 4 415 | 71310
G-/3 |14 ».035| S 3 4 /s | 1>/70 |
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5.4. FLEXURAL MEMBERS

FLERURAL MEMBERS (-2 AND 2-3
MARKE UP THE SHOCK STRUT FOR THE L EG.
THIS PORTION oF THE STRUCTUVRE WaA4>S DE-
SIGNED AND FABRICATED BY THE BEND X
CORP.,SOUTH BEND | IND. MEm BERS 3-4
AND 4-S ARE ComPOSED OoF PLATE
ELEMENTS,. MEMBERS Z—/‘f anve 2-1S§ mené
UP A BAR ACKET ASSEMPBLY MOUNTED OpnN
THE SHOCK STARUT AND ARE FORMED FRomM
A SoLIP PIECE oF 707S-76 ALUMINUM
STOCK. MEMBERS /4-/c AND 1S-1) ARE
AUBBERK SHEAR PADS /N THE ACTUAL
STAUCTUAE ANDO WERE SimuLa TEOD /N e
CANMNALIT I CAL MODEL BY EXTREMEN FLEX-
I18LE MEMBERS. THE AEMAINING FLEXUVARAL
MEMBERST V¥V THE LEG ARE FORMED FROM
GOGI-TG ALumIiNnum T UGN G.
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TABLE 5.4
FLEXURAL MEMBERS

BEND.

MARG 1]

R CRIT.IAXIAL
LENGTH Lo AD| LOAD MOMENT, OF

MEMB S | 2E| (/) |ConD| (@) | Gv-#) [saFeTY
/-8 |2%x120] 8.0 3 -)Zoo I5es| 1-24
77-// 2% k.1 20| _3.-.o‘ 4 -/.’2.00 9882} /.24
8-18 z’in.psa 8.91 'G f.—'.'#sé’ 12710 0.27
//A—/S 2%x.083] 8.9/ 6 | -u{mé rzaf'uo::a‘ﬂ 0.27
8-4 3%:.049 7.').65 Sz 4-15_'&5 15%| niGH
/-4 |2% r.08|2T7.55 2 t14283) &BS | HIGH
8-5 ] ».04% 22,0 ) -2413| 94S| o.07
11-S | /] x043(z2,0 | "1 [|-2430| BE3| O. ‘o.7
$-6 ’2.'4;.04‘7' 44,3 I.E —Szoz z20l 5.48
8-9 Z"q.t.O‘f? 45’./) 2 -278S 40 12 0,90
1/-12 qutoé? 45,11 A |-4726 '15.15' 0.26
/1-9 |2r04%]5).1 G —5053 /158 | 0,785
$-9 |[2x.035]|39.82 "-} - 813|190/ | 1.8
S5-/2 |2r035|239.82] 3 1732 118

-769

Report 7161-954001




SECTION 6
CENTER BODY

The center body consists of a lower structural ring, four upper chord members of
equal length arranged in a square, and eight diagonals from the four corners of the upper
square to four hard points equally spaced about the lower ring. The upper corners and the
lower hard points are the connections for the legs. The upper longeron of each leg is
attached to an upper corner, and the two lower longerons of each leg are attached to
adjacent hard points on the lower ring. The cockpit is mounted on the two forward upper
corners and two intermediate points on the lower ring. The equipment section is mounted
in a similar fashion on the aft side. Diagonal wires between opposite upper corners are
required to stabilize the upper square but may be detached temporarily during engine

removal.
6.1 ANALYSIS OF CENTER BODY STRUCTURE

The center body analysis was performed on an IBM 7090 digital computer using the
Bell Aerosystems general purpose structural analysis program. The mechanics of this

program are described in the discussion of the engine mount analysis.
6.2 CENTER BODY GEOMETRY

The center body structure consists of the members in the xy planes at elevations
z = 200.0 and z = 239.75, the connecting members between these planes, and the structural
ring. There are 39 members in this portion of the structure. The structural ring con-
sists of 24 flexural members. 15 axial force members make up the remainder of the
structure. The geometry of the structure is shown in Figure 6.1. Support points are

, @ , and @ . Specifically, the structure is restrained at in the 2z

direction, at in the y and z directions, at @ in the x and z directions, and at

in the y direction. Points at which loads are introduced are @ ) @ ) @ R , @ s
@ , , @ , and at , , @ . @ in those directions which do not

have any restraint. Coordinates of the center cage node points are given in Table 6.1.

’
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36.0 ) 26.0 o
@ 1.
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B.L200.0y | |
13
1)
6,
|
7

L 4.0 :
Y E \/ @D|pw.L.200.0

ELENVATION
Figure 6.1. Center Body Structure Geometry
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TABLE 6.1
CENTER CAGE COORDINATES

ODE PT. X b4 Z
/ 200.00 | 234.00 | 200.00
2 208.81 | 2»72.84 A
3 217.00 | 229.44
4 2L4.04 | 2124.04
) 229.44 | 2 17.00
G 2232.84 | 208,81
T 234.00 | 200.00
8 23284 | /1 91.19
9 229.44 | ) 83.00
/10 224,04 | 175.96
/1 217.00 ! 70. 560
/2 2088) | 167./6
/3 200.00| /¢ 6.00 ]
/4 /11419 16716
-} /8 3.00 /7—0.56
/16 /178,96 | 11S.9¢
/7 /170.56 | 183,00
/8 /167./6 19119
!/ /] 6 6.00| 200.00
20 /1 67.16 | 208.81
r /70.56| z17.00
22 /795.96 | 224.04
3 /1 83.00 | 212 9.44 Y
Z4 191.17 | 232,834 { 200,00
49 /] 6400 23600 |239.75
50 236.00| 236.00 A
51 236.00| | 64.00 ¢
S2 164.00] 164.00 [239.75
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4.3, LOAD CONDITIQNS

THE CENTER BO@OY STRUCTURE wWAS
AN ALYZED Fom T LO0AD COND/T/ONS | ALL OF
WHICH ARE LANDING CONDITIONS, -r-/,»sss
CONDITIONS PEVELOP FARAom VvARIOUS Com-
B/NATIONS OF THE LEG Lo ADS DESCRI® ED
IN THE LEG ANALYSIS SECTION. A4S /ND)CATED
IN THE LEG ANALYSIS .ssc:r:o:v THE LEGS
WERE ASSUMED PINNVED To TH-e CENTER BODY.
STRUCTURE AT THAREE POINTS , WHICH THAREE
PoINTS BECAME REACTIONS F‘od THE LoAoS
INTRO DUCED AT THE BPASE OF THE LEGS. THESE
LEG AEACTIONS ARE NOW /INTRODUVGED A4S
LOAD .INPUTS FOR THE CENTER BOOY: STRUCTUARE.
THE POINTS AT WHICH THESE LOAOCS ARE NTRO-
DVCED AARE (/) (3, & (P oN THE STARUCTURAL
AING, AND:

1‘~ AOD I 13/\/ 7o rfns LEG REACTI/oNS oW
 THE CENTER BOPY s-r—ﬁuuruna)r/re VARIOUS
COMBINATIONS OF LES LOACS BA/ING ABOUT
LoAD /N PUTS TO THE CENTER BODBY. FRom BoPt
7HE CoCweIT SEcTion ANO THE EQUI €emMENT
SECTION. LOADS FARAROoM THE CocKeir SEcT)on
ARE INTHRODUCEDP 70 THE CENTER B8O08Y ST1RUVC~
rvae AT ~ODE PoI/NTS (1) $@) oN THE STRUC-
TuRAL RING, ANDO AT @), & E). LoADS FRom THE
Equiement secTiold ENFER THE CENT
BOOY STARUCTUAE AT ~NODE Po/~rs@.:%)
oN THE STRUCTUAAL RING,ANC AT @ ¢ &)

ENGINE |INERTI A REHGT'IONS FRoOM THE
VARIOUS LEG LOAD c.omeude'r/o/vs WERE
INTRODUCED AT NODE Po/nTS(1)E oN THE
STRUCTURAL RING ave AT @),69,(0) £6E3.

FIN ALLV) A STATICAL em.ﬂNcE; ABovT THE
VERHICLE C. G, WAHAS ACHIEVED BY /NTRODUCING
AT NODE PTiE) ONE-FoUATH OF THE VEATICAL
INERTIA FORCE’  REQUIRED T© BALANCE FORCES
IN THE VERTICAL DIRECTION., THIS RKREQUIRED
EQuAL INERTIA REACTIONS AT N~NODE PO/NTS
g@ ¢@) 70 mAINTAIN ZMc,6.=O. SINCE §),®),

AE VERTICAL REARCTION PO/NTS IN THE
PROGARAM ANALISIS  THIS PRoVIO ED A CHECK
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LtoAD cone T ioNS (cComnT.)

ON THE CORRECTNESS oF THE PROGRAM SoLU-
770/VS.

THE SEVEN LEG LOAD COMBINATIONS
ALL LOAOS Uc.'rln’)ATE.l JSEOD /N THE A~gurisis
OF THE CENTER BQRY AARE (SEE SKETcH AT
ENVO OF LOAOD LIST ) ) '

[. ALL FOouR LEGS STRIKE GROLND S/MULTANEOUSLY,
3400 £ VERT/CAL LOAD APPLIED AT BASE OF.
EACH LEG. ' ’

2. TWO DIAGONALLY 0PPOSITE Leas (#) ¢ #3)
STARIKE GAROVNO SIMULTANEOUSLY. 3400 #
VEARTICAL LOAD APPLIED AT BASE oF EAH [EG.

3. SAME /RS 2. BUT INVOLVING LEGS #2444,

4. LEG #/ STRIKES GROUNOD. LOADS APPLIED
AT LEG BASE AARE , [EF0# vERTICALLY ()
|B00# LATE RA LLY (v))g“LoNG/rque ey (0.

5. 5ameE AS 4. BUT /NVOLVING LEG # 2.

G, LEGS #/ &# 2 STRIKE GROUND SIMULTANEOUSLY.
LOADS RPPLIED AT £ACH LEG BASE ARE |
/18I0 # VEATICALLY (i\) /1890 # LaTEARALLY (Y? "

[ S

7. SAME AS 6. BUT /NVOLV NG LEGS #2 £#3
(1800 # /s (oNGITUDINAL (x))

W SEE STRUCT, CRITER/A- AIRFAAME DES|GN LOAD ComnOITI WS
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b-4.

MEMPBER S|PES

THE |S ARIAL FOARCE MEMBERS RE-
FERREP 70 /N THE GEOMETARAY SECTIOAN
ABOVE, ConNSIST oF , 4 me meelds N THE
XY PLANE AT W.L, 239.75, 8 D)aGoNaL
MEMBERS BeTWEEAN Tw—e NODE PO INTS
AT W.L, 239.78 AND THE STRVCTURAL A;NG
WHICH LIES /N THE XY PLANE 47T W.L.200.0
2 TIE RODS RUNNING DIAGONALUY BETWEEM
THE NOPE pOINTS AT W, L, 239.75. AnvD A
7/E BETWEEN NoDE PoiNnTs () &1 o~ THE
STRUCT USRSAL RING.7THIS LATTER MEMOGER
1S A FicTiTj0ouUl mzmec—:& INSTALLE D TO
PROVIDE THE SAME DEGREE OF ST/FF/NVESS
PETWEEN NODE POINTS(1)E(3 AS witL 6E pRo-
VIDED &Y THE GImBAL RING WHICH IS mOUNTED
ON THE STRUCTURAL RING AT THESE NODE

PoInNTS,

THE 7wo D/IAGONAL T/IE RODPS ARE EXTRA
FLEXIBLE GALVAN/ZED STEEL CABLE , 7'
DIAMETER. ALL REMAINING ARIARL Foncc mem-
BERS ARE GOG|-Tb ALLMINUM AlLlLoY.

THE STRUCTUARAL RING was DIVIDED INTO
24 ELEMENTS FOR THE PURPOSE oF AN ALY SIS
ALL ELEMENTS BEING IDENTICALLY SIMILAK.
PROGARAM RESULTS FOR AL 7 LOADO ConPITIONS
WERE CHECKED 76 DETERMINE THE maAa Xl mum
LOAD COANDITION EXISTING /~v A S/INGLE -
ELEMENT. TH1S MARNIMUM LOAD DPETERMINED
THE STRUCTURAL RING DESIGN. THE STRUCT -
vRaAaL RING MATER/AL 13 20 24- 1Y K}t-um-—
INUM AL Lovy.
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TABLE 6.2
AXIAL FORCE MEMBER SIZES

mend size |HEReTy AT bon max Taccew
49-50{2% x.04%| 72,0 | | 2270 ¢l 400
50-5/2'54.049 | 72.0 I [soooc| s400
571-52|2.% % .049 72..‘0 f 2270¢| 54 00
52-49|2.'4%.049 | TZ2.O / q'-}tfo»c 5400
49-51| %u d |10/, 82 3 44007T| Sc00
30& Y%, d |10l.82 2 $so00T| 5600
49-1 2 x. oqi 52.67 T | 3500c¢c| 4 8 8o
/-50 ‘L_xoth 53.67 4 Z2220Cc| 4820
50- 7 zx.o‘h 53.67 2 /090c| 4880
7-51| zx.04%| &3.61 A 2885 ¢c| 4880
S1-13] 2x.049| S3.¢€7 . 7 2.60C| 48R0
/281 2 r.04% 53,67 T 2S5So0oc| 4 ®8O
- |82-19 Zx.oqé $3.67 G Z/)s58Cc| 488%0
17-49 Z».047] £3.67 [~ /7 85::. 4 2 go
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z
J ; l_ Ix-;g-'- 2. 86,n"
=, 08
N A T,,,% (Z poes ~oT s~vcLvoE
x 4 — L x = SKiN mATERIAL -

BETWEEN nNGueQ

: _./xlx.a/az A= 1.5 2 a0
| A : - l (Qeeqo}Lz 8 &Y 1~

¥~
4.0

a

C8ITIcAL LoaD ConDITio~r 1S LoAD 2.
P= 3/37# /x-r= D0 SO0 s/, #

Fe= /nv 3/':2: 20G0O PSJ:

mMec 20500 (2. °\
Se= 7= T

= 2./350'?5_1.

SIvCE CotvmiN ALLOWABLE FOR THIS GEO-
METAY WoulLD Be VERY HIGH | CHECK
MAX. COMPRESSIoN D EVELD Peo IN ANGLE
FLAN &G E.,

fecmax= 2060 + 2350 = 234 00 ST,
.b = I:O - /O‘B_) . :
/'6 . 0938
Sc. = 3LSOD PST. (e.s.m. Fic, o.04.2-5)

m.Sl= 32 500 -—I.O:. 0. 39
' 22 400

Figure 6.2. Flexural Member Sizes
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SECTION 7
H202 TANK TRUSS
Each tank is mounted at the vertical and longitudinal center of gravity of the
vehicle, one on each side of the center body. Each tank is supported by a pair of identical
(mirror image) three member trusses. Two lower members attach to the center body
lower ring, and the third member is attached to an upper corner. All of the longitudinal

inertia is carried by one truss of each pair and this is the one analyzed in this report.
Yy P
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2).0
14.12
s
X
— 1y
TRUE LENGTH
A yé.¢o
| B 146.2%
38.22 c 23.81
N |
— "
I—z.o» X T——z.oq
—n.o
22.48 Z

Figure 7.1. H

202 Tank Truss Geometry
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TABLE 7.1
H202 TANK TRUSS ULTIMATE LOADS
COND Nna TNy Ny A B C

T 85 350 | 2200 | -3720
Ta .44 92 728 | —73¢ ‘577
T 1.4 -92 | éuy 1584 | —2013
Ty 1.4 92 735 707 - 249
Ts &4 | -T2 {37 143 | —¢47
Te 2.78 | .oy 120 —élo 247
T 2.78 | —lo4 | 1 s | wso | —u97
T 278 ).ol 1813 1037 -1273
Ta 278 -lof | <13 jol | -1I57
Tre 2.7 8O .04 1427 - yg - 20
T 249 | 80 |(-).o0f 547 | —48¢ 92
T 289 -.80 |-).0¥ yss 1338 | —21L0
T 249 - .80 ) .oy | 55% 19724 | —2276
TENSION. 1S <4 LoaD

DESIGN WEIGHT SyPPORTED 8Y ONE PAIR OF
TRUSSES (ONE TANK) = JEO POUNDS

ONE TRUSS SUPPORTS
Y DIRECTION AND AL OF TANK IN X PIRECT|oN

Report 7161-954001
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SECTION 8
'GIMBAL RING

The gimbal ring is posttioned in a horizontal plane at the vehicle center of gravity.
The function of the ring is to permit the engine to be mounted in avertical attitude and allow
the vehicle to be tilted 40 ° relative to the engine in the pitch and/or rolldirection. To accom~
plishthis motion, the ring contains two sets of bearings mounted on horizontal axes spaced
at 90° to each other. The ring pitches on trunnions mounted on two opposite hard points on the
center body lox‘ver ring on the vehicle y axis, thus pitching the vehicle relative to the
engine. The engine and engine mount roll on the bearings in the ring on the vehicle x axis.
The pitch actuator is anchored on the center body lower ring and operates on a crank arm
at the starboard bearing of the gimbal ring, The Toll actuator is anchored to the gimbal
ring and operates on a crank arm at the forward side of the engine mount on the same

fitting that picks up the forward bearing of the gimbal ring.

The ring is a square tube 3 inches on a side with a 0.156 inch wall thickness.
Diameter of the ring is 29.5 inches at the centerline of the tube. Fittings for the bearings
are inserted at four places and a fitting to anchor the roll actuator is attached at an inter-

mediate position. The pitch crank arm is machined integral with one of the bearing fittings.

The roll bearings are offset 0.375 inches down from the horizontal plane of the _
pitch bearings. This is the amount 6f vertical deflection of the gimbal ring when subject tb
a 1700 pound up load. The basis for this load is engine thrust (2500) minus engine weight
(800) at approximately midway during flight in the lunar mode (vehicle weight is 3000

pounds),
8.1. ANALYSIS OF GIMBAL RING ' -

The gimbal ring analysis was performed on an IBM 7090 digital computer using the
Bell Aerosystems general purpose structural analysis program. The mechanics of this

program are described in the discussion of the engine mount analysis.
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8.2, GIMBAL RING GEOMETRY

The gimbal ring, when in the neutral position, lies in the xy plane at W.L. 199.812.

The engine mount is attached to the gimbal ring along the roll axis. The gimbal ring is

attached to the structural ring along the pitch axis.

For purposes of analysis, the gimbal ring was divided into 24 identically similar
elements, numbered as shown in Figure 8.1. The engine mount attachments are at node
points @ and @ . The gimbal ring to structural ring attachments occur at node
points @ and . A roll actuator is connected between the engine mount and node
point @ on the gimbal ring. A pitch actuator is connected between the structural ring

and a crank arm at the starboard mount between the gimbal and structural rings.

Node points @ and are support points in the analysis. The gimbal ring is
supported in the X, y, and z directions at these points and is fixed against rotation about

the pitch axis at node point @

Points at which loads enter the gimbal ring are node points @ , @ , and @ .

Inertia forces introduce themselves at points @ and @ while roll actuator forces

enter the structure at point
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Figure 8.1. Gimball Ring Elements
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NODE POINT COORDINATES

TABLE 8.1

NoDE PT b3 Y 2 X
! /70.00| 200,00()9%. 312
2 - /7110 2O07.76 A
3 174.02| 21S.00
4 /7%.7% z22/.2)

5 ] 35. 00| 225.98

G /19324 223,90

T 200.00 | 230.00

8 207.76| 22890

9. 21S5.00| 225.98

10 224.21 | z21.21

/1 228598 2/5/00

1z 22890| 207.76

13 230.00)} 200,00

14 228.90| 193,24

1S 225.98| )%S.00

/6 z2).21 ) 778717

17 218, 00| 179.0%

/8 20776 /71.19

17 2.00.,90| 170.00

20 193.24 /171.10

2] | 8sioo| 174,00

22 /78&1% 178717

13 /] 74. 21| [/ B8S.09° Y
2 4 17110 193,24 (199 8z

X WITH RING IN NEUTRAL POS|TION
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8.3, LOAD CONDJITIONS |
‘ GENERAL LOADING INFORMATION CONCERN-
ING ITEM WE |GHTS, ENGINE AND ROCKET
THRUSTS, AND ANGLES OoF ROLL gND P}Tc#
ARE AS LISTED /N THE ENGINE MOUNT
SECT/oN,JECTION A . THE GIMBAL RING
WAS ANVALYZED Fo®R 2Y N FULIGKHT LOAO
ConND/TIONS, AND VAR IOUS COMBIN 471 ONS
 THEREOF, AND L GAROUNO CONDIT/ONS.
8.3./. LN _FLIGCHT LOAD CONDITIONS
(D Mmax, AoLL ANGLE = 140", ENG.7AAVST m AxX.

(ZBmex.ﬂ oLL AN GLE =440 . ENG.T#aULST M Ax.
- NEG, ROLLING MOMENT ASSOCIATED WITH
"RESTORATION FROM FuLU Pos/TIVE RotLL .
(REFERAED 1© /N FOLLOWING AS: Roll hcruAarek
mMmAax )

(3) MAX RoLL ANGLE = +40° EN G. THAYST +ERO,

RotL A4CTUATOR maAax ()
(4) MAx RoLL ANGLE = - 40°. ENG. THRUST m AK.
(5) MAX Roll ANGLE = = 406° | £N &. THRVST mak
| RoOLL ACTUATOR mAK (+) S
(6) MmAX.RoLL AN GLE: -40°. ENG.THAU ST ZERD.
RoLL ACTUATOHR mMmaAa%k (+)

(7)) RoLL PoSITIon NEUTRAL .ENG. THAVST mAaX.
AowL ActuAaToR M Ax +

(BYRoOLL PO SIT /0N NEVUTAAL.ENG. THAVST M AX.
RowL AcruaTor’R mAax (™)

(9) RoLL foSIT jon NEUTAAL. ENG. THGUST 2E£QO.
RoLL AcruAaTem max ()

(19) RoLL PosS/TION NEUTRAL, ENG.THRYST 2E80.
RotL AcTug4roR mMAx (Y

(1) mAx PITCH ANGLE = +54° ENG. THAVST Max.

(1Y mAaK. PITeH ANGLE = +S4°. ENG.THRUST M AK.
PITCH ACTVATOA MAK ()

(12Ymax. piTch ANGLE= + 545 ENG. THRUST 2 EQ o.
PITCH ACTUATR.M Ax ()
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IN FLIGHT LOAD c_;nglTlo/\l\_s_(CONTB

(/43 MmAKN PITCH ANGLE: -54°, EN G. THRUST MAX.

GSHYMAX. PITCH ANGLE: =S4° ENG. THRUST ™M AX.
PITCH acruaT oA mak (9

(1¢) MAX. PITCH ANGLE = -S54 ENG. THRVST 2 ERO,
PITCH ACTUATOR MmAX '+\

(7)) P/TCH POSITIoN NEUTAAL.ENG. THAULST MAX.
PITCH ACTUATODA max (+ -

(1€) Pr7cH PoSIT/oN NEUTRAL.ENG. THRUST mAK,
pIreH AcCTuatTod mar. (D

(19) PiTcH PoOS/ITMomn NEUTBAL.ENG, THRUST ZERD,

" PITCH ACTuATOR maAax ()

(20) P)TCH PosITIO0N NEVTRAL.ENG.THRLLT 2E€R D,
PITcH ACTUATDA max ()

(z1)) mAX. BoLL AN G LE = +40° ENG. THRUST ZERD.
ROC RET THARUST MAKXK.

(22) MAK RoLL ANVGLE= -40% ENG: THRUST = ERD,
ROCKET THR VST maAaX.

(23) MAR. PITCH ANGLE= +54" ENG THRUST ZERO,

ROCRET TH& VST mMm AKX, .
(293 mAaX, PITCH ANGLE =-SY ENG. TH#HRUST ZER/D,
BROCKET THRUIT maX.

8.3.2. GROVND LOAD CONDTJONS

8«6

(1) VE#HI CLE T/ED Dowws. ENG. THRVST maX.
(ZdXMmMIN. NT., LANDING CON D)TION., ROCKET
THRVST mAX. VERTICAL.
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8.4

8-10

RING SECTIoN
THE GIimBaL RING wWASsS ANALV%ED

FOR T HE 8S /N FLIGHT LoAaO conND|TIoNS
TABULATED onN THE PRECEEDING PAGES,
AS WELL AS THE TwWO GARO0UNO c,mdo,r/cnv&
SPECIFIED (PARAG;?M#&J.Z.)T#E RESULTS ofF

THIS ANALYS IS WERE EXAMINED 70O
DETERMINE THE MARIMUM L0 AD

ConNp IT/ON ON ANY oF THE 24 FLEXLAAL
ELEMENTS WHI CH CoONSTITUTE TH=
GIMmeAaL A JNG, THIS CoNDIT) o) DESIGwED
THE AIN G |

THE CRITICA L CoMOIT)0N WAS DETEAMINED
7D BE IN FUGHT L0AD ComnO/Tion )
WHICH COmM GINES LoADS 8 & 2. +H4E
CAITICAL ELE M ENT WaAS 7THBT ELE MEMNT
BETWEELN WODE PaINTS @ ¢@. 7#e LOADS
ON THIS ECE MENT FoR THIS LoAD ConbDiTiow
ARE AS SHOWN; CELOW.
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AN G secTion (comc))

CHECK BUCKLING STRESS GowNO. UN DESR.
CoOMG |NED LOADS.

So- s3 81 (1)

= -~ = 33600 €S
_ :,‘ 459" o 30 #/”‘
87’ N / 4 é

> 80 .
8\/*- BN AN /¥,

. o7, =/267 #Lw~
Ss=DBoo 1262, g3s20 esz
) SECT. 19 0. 02,\

Fsc¢= 2135DO ST .(#ccs.//o.oz.z-’a,e;m\

Soo= 567‘: 4qooo o PSI. QWG—. 80.0‘!.2,-{)6.5:,\13

Ss 8 820
= = = 0. S
Rs Iscv 23800 _ R
Rc= S& - 22600 = o, ¢4o
$ o 7532 Y.
ﬁc.qf 0. 98 (FJG. 140.0% -1 B.Sm\
m,§-= Re o -] = 0,7(’ |

M.S.= 0.1>
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